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to  devote  themselves  to  Science 


This  book  has  been  written  for  use  by  students  in  colleges, 
universities  and  schools  of  nursing.  It  has  been  assumed  that 
students  using  the  book  have  had  at  least  elementary  courses  in 
biochemistry  and  physiology.  The  subject  matter  is  devoted  to  a 
discussion  of  basic  information  in  nutrition  (human  require¬ 
ments  for  various  nutrients)  and  to  the  practical  use  of  such 
information. 

Human  requirements  for  nutrients  do  not  vary  with  race  or 
nationality.  The  practical  application  of  such  information  is 
likely  to  be  regional.  Indeed,  it  should  be  so  because  of  the 
availability  of  various  foods  in  different  areas.  An  attempt  has 
been  made  to  suggest  differences  which  are  necessary  in  the  prac¬ 
tical  application  of  nutrition.  It  is  advisable  that  persons  en¬ 
deavoring  to  apply  nutrition  knowledge  should  realize  that  the 
approach  should  be  adapted  to  circumstances. 


Nutrition  is  a  branch  of  biologic  science,  and  scientific  research 
in  nutrition  is  comparatively  modern.  Very  little  knowledge  in 
nutrition  is  firmly  established,  and  much  remains  to  be  learned. 
One  function  of  a  college  education  is  to  encourage  students  to 
think  and  to  do  so  critically.  The  limitations  in  knowledge  and 
the  desirability  of  critical  thought  have  been  kept  in  mind  in  the 

preparation  of  this  book.  Comments  and  suggestions  will  be  wel¬ 
comed  by  the  author. 

During  a  period  of  30  years  in  which  the  author  has  been  en¬ 
gaged  in  nutrition  research  and  in  attempting  to  teach  nutrition 
to  undergraduates  and  to  graduate  students,  many  changes  in 
outlook  and  emphasis  have  been  observed.  Between  1925  and 
1939  new  nutrients,  particularly  vitamins,  were  being  discovered 
wuh  considerable  frequency.  The  premonition  stated  in  a  paper 
y  Dr.  E.  V.  McCollum  that  commercial  exploitation  of  the  word 
vitamin  would  occur  was  realized.  The  exploitation  is  still 
rampant.  During  the  war  period  of  1939  to  1945  there  was  great 
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political  interest  in  nutrition.  A  very  great  enthusiasm  devel¬ 
oped  to  find  wide-spread  deficiencies.  Most  of  these  deficiencies 
were  not  apparent  to  critical  physicians,  and  the  efforts  of  nutri¬ 
tionists  came  into  disrepute  in  medical  circles.  One  of  the  results 
of  the  disrepute  was  that  the  scientific  and  practical  aspects  of 
nutrition  were  omitted  from  the  training  of  medical  students. 
It  is  hoped  that  this  book  may  be  useful  to  practicing  physicians 
and  to  medical  students. 

In  the  preparation  of  this  book  the  author  has  had  a  consider¬ 
able  amount  of  assistance.  His  colleague,  Professor  George  H. 
Beaton,  read  the  manuscript  critically  and  made  a  number  of 
valuable  suggestions.  Assistance  in  reading  proof  was  given  by 
Professor  Beaton,  Miss  Margaret  Veen  and  the  author’s  wife. 
The  typing  was  done  by  Miss  Ida  Wautier  with  considerable 
help  from  Miss  Barbara  Graham.  To  all  of  these,  and  to  the  staff 
of  the  publishers,  the  author  offers  his  sincere  thanks. 

E.  W.  McHenry 
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CHAPTER  1 


Hunger ?  Appetite  and 
Nutrition  Requirements 


The  science  of  nutrition  is  devoted  to  ascertaining  the  re¬ 
quirements  of  the  body  for  food  constituents  both  qualitatively 
and  quantitatively,  and  to  the  selection  of  foods  in  kind  and  in 
quantity  to  meet  these  requirements.  Knowledge  of  human  re¬ 
quirements  is  a  recent  acquisition  in  history  and  today  is  not 
known  or  utilized  by  most  humans.  Hunger  is  the  impelling 
urge  to  eat,  and  the  selection  of  foods  is  governed  by  availability, 
racial  and  family  habits,  religious  practices  and  other  factors. 


CAUSES  OF  HUNGER 

Early  in  human  experience  it  was  recognized  that  emptiness 
ol  the  stomach  was  associated  with  the  pangs  of  hunger;  the  prod¬ 
igal  son  would  "fain  have  filled  his  belly  with  the  husks  that  the 
swine  did  eat.”  The  first  physiologic  explanation  of  hunger  was 
provided  in  1911  by  Cannon  and  Washburn!  who  described  the 
relation  of  hunger  sensations  to  rapid,  repeated  contractions  of 
the  wall  of  the  empty  stomach.  The  classic  studies  of  A  I 
Carlson-  furnished  a  great  deal  of  information  regarding  the 
mechanism  of  hunger.  Contractions  of  the  stomaclfmay  occur 
when  some  food  is  present.  The  hunger  contractions  may  be 
sened  by  swallowing,  even  though  no  food  is  in  the  nJutli 
by  smoking  by  emotional  states  such  as  fear  or  rage  (which  are 
accompanied  by  a  release  of  epinephrine)  and  by  other  infi  , 

e  central  nervous  system  involved  was  the 
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sensory  nuclei  of  the  vagi  of  the  medulla.  When  insulin  became 
available,  it  was  found  that  the  decrease  in  blood  sugar,  pro¬ 
duced  by  administration  of  insulin,  was  accompanied  by  gastric 
contractions  and  by  the  sensation  of  hunger.  This  observation 
led  to  the  explanation  by  Carlson  that  a  low  level  of  blood 
sugar  was  part  of  the  mechanism  of  hunger. 

Experiments  on  animals  and  later  on  humans  by  several 
groups  of  investigators  cast  a  doubt  on  Carlson’s  theory  of  hun¬ 
ger.  It  was  found  that  complete  severance  of  the  vagus  nerves 
prevented  the  gastric  motor  response  subsequent  to  the  produc¬ 
tion  of  a  decrease  in  blood  sugar  by  insulin  but  did  not  impair 
the  increased  desire  to  eat.  Observations  on  human  subjects  in 
whom  the  vagus  nerves  had  been  severed  showed  that  gastric 
contractions  could  be  absent  but  that  hunger  sensation  with  a 
feeling  of  emptiness  and  a  desire  to  eat  still  could  be  present. 
It  seemed  obvious  that  the  vagus  nerves  were  not  involved  in 
the  production  of  hunger,  and  that  there  was  a  central  mech¬ 
anism  separate  from  the  contractions  of  the  empty  stomach. 

In  1948  Brobeck3  explained  hunger  as  resulting  from  a  need 
to  keep  warm.  The  consumption  of  food  would  be  stopped  to 
prevent  an  abnormal  body  temperature.  The  theory  was  based 
on  experiments  ip  which  animals  showed  a  decrease''  in  food 
consumption  when  exposed  to  a  high  environmental  tempera¬ 
ture.  Other  workers  found  that  the  body  temperature  of  rats  was 
raised  by  fasting,  an  observation  at  complete  variance  with 
Brobeck’s  theory.  It  is  also  apparently  true  that  changes  in  blood 
sugar  alter  the  desire  for  food  without  changes  in  body  tem¬ 
perature. 

It  has  been  clear  for  some  years  that  the  central  nervous 
system  is  involved  in  the  production  of  the  sensation  of  hunger 
and  the  urge  to  eat.  Observations  on  humans  and  on  experimental 
animals  have  implicated  the  hypothalamus  as  the  region  of  the 
central  nervous  system  directly  involved.  In  humans,  obesity  has 
been  shown  to  be  a  consequence  of  hypothalamic  lesions.  In  at 
least  three  species  of  animals  a  marked  increase  in  food  intake 
with  consequent  obesity  has  been  produced  by  experimental 
damage  to  the  hypothalamus.  However,  other  portions  of  the 
brain  probably  are  involved  also  in  the  hunger  sensation. 
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The  glucostatic  theory  of  hunger,  advanced  in  1953  by  Jean 
Mayer,4  appears  to  reconcile  effects  of  changes  in  blood  sugar 
with  the  known  role  of  the  central  nervous  system.  There  is 
considerable  evidence  that  blood  sugar  is  involved  in  the  hunger 
mechanism.  Reference  has  been  made  to  the  increased  desire  for 
food  when  blood  sugar  is  depressed  by  the  administration  of 
insulin.  Human  experience  and  experimental  observations  have 
shown  that  the  ingestion  of  sugar  stops  hunger  contractions.  In 
Mayer’s  theory  the  controlling  factor  is  not  the  absolute  level 
of  blood  sugar,  as  was  postulated  by  earlier  workers,  but  is  the 
extent  of  glucose  utilization.  This  is  measured  in  terms  of 
A-glucose,  the  difference  between  the  levels  of  glucose  in  arterial 
and  in  venous  blood.  There  are  assumed  to  be  glucose-receptor 
cells  in  the  central  nervous  system,  presumably  in  the  hypo¬ 
thalamic  centers  which  have  been  shown  to  be  implicated  in 
regulating  food  consumption.  It  could  be  assumed  that  the  level 
of  sugar  increases  in  the  venous  blood  after  the  absorption  of  a 
meal.  At  this  time  the  difference  between  the  amount  of  sugar 
in  the  venous  blood  and  the  amount  in  the  arterial  blood  would 
be  gieat.  Mayer  has  postulated  that,  when  this  difference 
(A-glucose)  is  great,  the  effect  of  the  state  of  glucose  utilization 
on  the  glucose-receptor  cells  in  the  central  nervous  system  is  to 
cause  a  loss  of  hunger  sensation.  As  glucose  is  utilized  in  the 
body  the  difference  in  glucose  levels  in  arterial  and  venous  blood 
becomes  less.  When  glucose  utilization  has  subsided  and  A- 

glucose  is  small,  the  glucose-receptors  respond  by  initiating  the 
craving  for  food. 


By  itself,  the  glucostatic  theory  fails  to  associate  changes  in 
A-glucose  with  the  gastric  contractions  which  have  been  known 
or  many  years  to  be  at  least  coincidental  with  hunger.  The 
association  has  been  accomplished  by  the  work  of  Stunkard  and 
Wolff  who  have  found  that  there  is  a  good  correlation  between 
low  values  for  A-glucose  and  gastric  contractions  in  human  sub¬ 
jects.  Subjects  having  large  A-glucose  values  had  a  simultaneous 
absence  of  gastnc  contractions.  There  is  then  reconciliation 

&Z,  C;PPeaT:  °f  gaStriC  COntract‘™s.  emphasized  by 
Carlson  s  studies,  and  alterations  in  blood  sugar,  or  at  least  in 

Changes  m  A-glucose.  These  observations  strengthen 'the  vadty 
Of  the  glucostatic  explanation  of  hunger.  Y 
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While  a  complete  and  acceptable  explanation  of  the  mecha¬ 
nism  o(  hunger  is  not  yet  available,  hunger  remains  the  primary 
cause  of  the  eating  of  food.  Obviously  the  urge  to  eat  is  pro¬ 
duced  by  a  physiologic  process  which  is  dependent  on  need. 
Hunger  may  be  the  only  reason  for  the  consumption  of  food  by 
animals,  by  primitive  peoples,  or  by  people  living  alone,  but  it 
is  not  the  only  reason  for  eating.  A  dog,  accustomed  to  human 
society,  will  beg  food  to  attract  attention,  or  because  his  owners 
are  eating,  despite  the  intake  of  a  substantial  amount  of  food 
just  previously.  Among  civilized  peoples  food  is  eaten  largely 
in  meals,  the  time  of  which  may  be  determined  by  working 
hours,  convenience,  habit,  or  social  custom,  but  often  not  by 
hunger.  Many  of  us  eat  at  particular  times,  not  because  of  pangs 
of  hunger,  but  because  of  habit.  A  study  of  changes  in  mealtimes 
during  the  past  300  years  in  Britain  has  indicated  that  food 
intake  may  be  determined  by  a  desire  for  social  prestige.  Fairly 
large  amounts  of  food  may  be  consumed  in  an  evening,  not  for 
reasons  of  hunger,  but  because  it  is  socially  correct.  The  physio¬ 
logic  mechanism  which  produces  the  desire  to  eat  seems  also  to 
determine  when  food  intake  will  cease.  In  a  normal  individual 
the  physiologic  mechanism  might  cause  the  intake  of  about  the 
amount  of  food  needed  to  meet  the  individual’s  energy  require¬ 
ment.  The  unphysiologic  factors  which  operate  to  cause  food 
consumption  do  not  limit  consumption  to  need  and  may  be  a 
factor  in  the  production  of  obesity. 

INSTINCT  AND  FOOD  CHOICE 

In  modern  society  the  quantity  of  food  eaten  is  not  likely  to 
be  determined  by  a  physiologic  process  which  keeps  the  intake 
within  the  range  of  needs.  There  is  abundant  evidence  that  the 
kind  of  food  selected  will  be  such  that  physiologic  requirements 
for  various  nutrients  will  not  be  met  unless  the  individual  pos¬ 
sesses  sufficient  knowledge  of  nutrition  to  enable  him  to  select 
foods  consciously  on  a  scientific  basis.  It  has  been  argued  te- 
peatedly  that  animals  select  by  instinct  the  foods  needed  to  meet 
nutritional  requirements  and  that  primitive  people  possess  the 
same  ability.  It  is  also  claimed  that  civilization  has  robbed  man 
of  his  instinctive  ability  to  select  foods  subconsciously  so  that 
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nutrient  requirements  will  be  met.  Very  little  evidence  exists  to 
prove  that  primitive  humans  or  babies  possess  instinctive  ability 
to  select  food  suitable  for  health.  Some  of  the  North  American 
Indians  used  a  tea  made  from  spruce  bark  as  a  preventive  treat¬ 
ment  for  scurvy,  the  disease  caused  by  a  lack  of  ascorbic  acid. 
While  spruce  bark  does  contain  significant  amounts  of  ascorbic 
acid,  it  is  not  possible  to  decide  whether  the  Indians  were  guided 
instinctively  to  use  spruce  bark,  whether  its  use  resulted  from 
an  accidental  discovery  of  its  value,  or  whether  the  use  resulted 
from  a  trial  of  various  substances  to  find  a  cure  for  scurvy.  Early 
in  his  history  man  may  have  possessed  the  instinct  claimed  for 
animals  to  choose  foods  correctly  to  meet  bodily  requirements. 
No  such  ability  is  evident  in  modern  times. 


FOOD  HABITS 

In  the  absence  of  an  instinctive  ability  or  of  the  knowledge 
of  requirements  and  of  food  composition  provided  by  the  science 
of  nutrition,  many  factors  operate  to  determine  which  foods 
will  be  eaten  to  satisfy  hunger  or  to  conform  to  social  reasons 
for  eating.  These  many  factors  produce  a  set  of  food  habits, 
fail ly  ligid  ioi  most  adults,  and  often  the  cause  of  malnutrition. 
Attempts  to  improve  nutrition  conditions  cannot  be  planned 
intelligently  unless  the  factors,  other  than  nutrition  knowledge, 
which  determine  food  choice  be  known  and  considered. 

One  of  the  principal  factors  affecting  food  choice  is  avail¬ 
ability.  About  5  cereals  are  used  in  different  parts  of  the  world. 
For  most  of  the  United  States  and  Canada  wheat  is  the  grain 
mainly  eaten  because  it  can  be  grown  in  abundance  and  is  avail- 
a  le.  Rice  is  the  grain  eaten  in  southern  China  because  it  will 
grow  in  that  area  while  other  grains  will  not.  In  a  district  with 

*  TfoU  and  r  ^  dlmate  ^  grain  may  be  millet*  Thu*>  climate 
of  the  C7?TnS  determine  the  choice  of  food  in  many  parts 
bee  ,  ProsPerous  countries  availability  of  food  has 

stol:  and  DrrrkedIy  by  m<X,ern  method,'  “ 

“  preservation  and  by  modern  processing.  Citrus  fruits 
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Allied  closely  with  availability  is  the  economic  factor.  There 
may  be  ample  food,  but  purchase  of  it  may  not  be  possible 
because  of  lack  of  money.  While  this  factor  may  operate  in 
families  in  low-income  levels  of  the  most  prosperous  countries, 
it  is  most  manifest  in  the  underdeveloped  areas  of  the  world. 
Statistics  relating  to  food  production  show  that  world  food  pro¬ 
duction,  excluding  the  Communist  countries,  had  increased  by 
1954  to  such  an  extent  that  augmented  production  had  slightly 
outweighed  the  growth  in  population  which  had  taken  place 
since  1939.  In  1955  the  world  was  producing  about  20  per  cent 
more  rice  and  milk  than  prior  to  1939,  about  30  per  cent  more 
wheat,  fats  and  meat,  and  50  per  cent  more  fruit  and  sugar. 
However,  in  many  Far  Eastern  and  in  some  Latin  American 
countries  the  consumption  of  food  per  person  still  remains  below 
the  very  inadequate  prewar  levels.  Over  large  parts  of  the  world 
the  problem  is  not  yet  solved  of  providing  people  with  the 
financial  means  to  buy  as  much  food  as  they  need  either  in 
amount  or  in  variety. 

Race  is  cited  frequently  as  a  factor  which  affects  food  choice. 
It  is  difficult  to  decide,  sometimes,  whether  race  is  a  real  factor 
or  whether  the  racial  use  of  a  particular  food  has  been  deter¬ 
mined  by  availability.  A  people  may  be  regarded  as  i  ice-eaters, 
and  race  may  be  assumed  to  be  the  determining  factor;  the  race 
may  have  begun  to  eat  rice  because  it  was  the  producible  and 
available  cereal.  Nevertheless,  we  associate  race  with  food  choice. 
Spaghetti  is  popular  in  Italy  but  not  in  Germany.  Highly  spiced 
foods  may  be  eaten  in  Mexico  or  in  Sumatra  but  not  in  Scot¬ 
land.  Samuel  Johnson  soundly  criticized  the  Scots  for  their 
addiction  to  oatmeal,  a  food  which  he  claimed  to  be  suitable 

for  horses  and  not  for  humans. 

Religious  ordinances  have  a  pronounced  effect  on  food  use. 
The  use  of  meat  may  be  forbidden  on  certain  days  or  it  may 
not  be  permitted  at  any  time.  Meat  from  particular  animal 
species  may  not  be  allowed.  In  the  case  of  one  religion  at  least, 
the  rules  for  food  use  originated  at  a  time  and  in  a  place  where 
they  were  advisable  for  reasons  of  sanitation  and  tor  the  pre¬ 
vention  of  disease. 
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It  has  been  said  that  white  bread  became  popular  in  Europe 
and  in  America  because  white  flour  at  first  was  expensive,  and 
white  bread  was  available  only  to  wealthy  people.  Consequently, 
white  bread  appeared  to  be  a  highly  desirable  food  to  less 
wealthy  persons.  Whether  this  explanation  is  true  is  a  matter  of 
doubt,  but  social  prestige  and  social  customs  have  had  a  distinct 
bearing  on  food  choice.  Social  customs  have  determined  meal 
times  and  menus.  In  recent  years  advertising  has  played  an 
important  part.  Food  fads  and  prejudices  are  often  definite 
factors  in  food  choice.  Elderly  people  may  refuse  to  eat  citrus 
fruits  because  the  acidity  is  thought  to  cause  rheumatism.  Milk 
has  been  claimed  erroneously  to  cause  mucus  in  the  throat,  or 
even  cancer.  Fads  wax  and  wane  and  happily  are  seldom  long 
in  duration.  Generally,  they  are  spread  by  a  self-styled  authority 
whose  claim  to  knowledge  will  not  stand  critical  examination. 
Fortunately,  addiction  to  fads  usually  is  limited  to  a  small  section 


of  the  population.  Food  fads  may  do  harm  not  only  by  prevent- 
ing  people  from  eating  healthful  meals  but  also  by  inducing 
self-treatment  of  illness  which  should  have  medical  attention. 

Eaily  in  childhood,  habits  regarding  the  use  of  food  begin  to 
be  formed.  In  families  in  which  education  regarding  nutrition 
has  had  an  influence,  young  children  may  be  given  foods  (e.g., 
milk)  not  used  generally  by  the  adult  members,  or  the  use  of 
some  food  may  be  restricted.  By  ages  10  to  12  children  tend  to 
imitate  the  adult  habits  which  they  see  each  day.  This  imitation 
may  be  advantageous  if  the  adult  has  good  food  habits.  A  drift 
by  children  to  poor  habits  may  be  prevented  by  nutrition  edu¬ 
cation  in  schools  and  in  the  community.  Such  a  beneficial  effect 
is  evident  with  regard  to  the  use  of  milk  as  a  beverage  in  the 
United  States,  in  Canada  and  in  other  countries.  However, 
ami  y  patterns,  racial  customs,  religious  practices  and  other 
in  uences  help  to  mold  developing  food  patterns.  In  most  adults, 
abtts  of  considerable  duration  plus  an  unwillingness  to  try  new 

°r,  U"a“Ust°med  foods  §ive  a  rigidity  to  the  pattern  of  food  use 
w  uch  has  been  established  in  childhood.  The  food  pattern  may 

meet,  or  often  exceed,  the  individual's  need  for  food  to  prov  de 

nut^ntsUOni;Sin0t,UkeIy  ‘°  requirements  for  "cerum 

y  y  t  ie  use  of  nutrition  knowledge  can  food 
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be  selected  to  meet  all  requirements  for  growth  and  for  the 
maintenance  of  health. 
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CHAPTER  2 


Methods  of 
Nutrition  Investigation 


HISTORICAL  BACKGROUND 

It  is  possible  that  the  search  for  information  about  food  began 
with  trials  to  determine  whether  a  food  could  be  eaten  safely, 
whether  it  was  pleasant  to  eat,  and  whether  consumption  of 
the  food  provided  a  feeling  of  satisfaction.  Relating  food  to 
health  or  to  physical  performance  probably  did  not  occur  until 
there  was  a  reasonable  amount  of  civilization.  One  of  the  earliest 
accounts  of  a  trial  to  determine  the  value  of  particular  foods  in 
terms  of  effects  on  physique  is  that  recorded  in  the  Book  of 
Daniel.  The  account  given  in  the  King  James  version  of  the 
Bible  is  as  follows: 

Then  said  Daniel  .  .  .  Prove  thy  servants,  I  beseech  thee  ten  days; 
and  let  them  give  us  pulse  to  eat,  and  water  to  drink.  Then  let  our 
countenance  be  looked  upon  before  thee,  and  the  countenance  of  the 
children  that  eat  of  the  portion  of  the  king’s  meat:  and  as  thou  seest, 
deal  with  thy  servants.  So  he  consented  to  them  in  this  matter,  and 
proved  them  ten  days.  And  at  the  end  of  ten  days  their  countenances 
appeared  fairer  and  fatter  in  flesh  than  all  the  children  which  did  eat 
the  portion  of  the  king’s  meat. 

While  the  length  of  the  test  period  and  the  criteria  of  im¬ 
provement  would  be  deprecated  today,  this  early  account  is  of 
interest  because  there  was  a  trial  of  two  types  of  food  intake 
to  determine  which  was  more  beneficial.  The  basic  procedure  is 
similar  to  that  used  in  modern  studies.  Whether  such  trials 
of  foods  were  frequent  in  early  history  cannot  be  determined. 

Much  of  the  modern  interest  in  the  value  of  different  foods 
stemmed  from  a  desire  to  cure  or  to  prevent  disease.  An  interest- 
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ing  example  can  be  found  in  the  history  of  scurvy.  This  disease 
occurred  with  great  frequency  when  humans  began  to  make 
long  trips  requiring  foods  which  would  keep  under  primitive 
storage  conditions.  Scurvy  appeared  among  the  Crusaders  and 
was  common  in  the  crews  of  the  early  explorers.  An  excellent 
account  of  scurvy  was  recorded  in  the  diary  of  Jacques  Cartier,1 
the  French  explorer  who  was  among  the  first  to  visit  North 
America.  When  he  and  his  crew  undertook  to  spend  the  winter 
of  1534-35  near  the  site  of  the  present  city  of  Quebec,  scurvy 
made  its  appearance.  Cartier  had  not  seen  the  disease  previously, 
and  he  described  the  puffy  gums  which  bled  easily  and  the 
darkened  areas  of  the  skin  caused  by  subcutaneous  hemorrhage. 
The  first  man  who  died  from  scurvy  was  autopsied,  and  Cartier 
recorded  a  clear  description  of  the  autopsy  findings.  Cartier  and 
many  of  his  men  were  saved  or  cured  from  scurvy  because  a 
friendly  Indian  told  them  about  the  value  of  an  infusion  made 
by  steeping  spruce  bark  in  water. 

Two  hundred  years  after  this  outbreak  of  scurvy,  the  disease 
was  still  a  problem.  It  was  investigated  by  a  British  naval  sur¬ 
geon,  James  Lind.  In  1593  the  value  of  orange  or  lemon  juice  in 
the  prevention  of  scurvy  had  been  discovered  by  Sir  Richard 
Hawkins.2  This  finding  was  revived  by  Lind  who  published  his 
classic  Treatise  on  Scurvy  in  1754. 3  Since  there  always  is  difficulty 
in  getting  people  to  try  new  foods,  it  is  interesting  to  lead  in 
Lind’s  treatise  that  he  suggested  that  the  fruit  juice  be  mixed 
with  rum.  The  British  Admiralty  published  an  order  in  1795, 
making  citrus  fruit  juice  a  compulsory  issue.  The  history  of  scurvy 
contains  many  instances  of  the  slowness  with  which  new  in¬ 
formation  spreads  and  becomes  accepted.  One  hundred  and  fifty 
years  after  the  publication  of  Lind’s  treatise,  scurvy  occurred  in 
an  Arctic  expedition;  the  outbreak  was  attributed  by  the  medical 
officer  to  an  undue  amount  of  copper  in  the  drinking  water.  The 
explanation  of  the  cause  of  scurvy,  clearly  set  forth  by  Lind,  was 
that  it  resulted  from  a  lack  of  fresh  fruits  and  vegetables;  com¬ 
pensation  for  the  deficiency  was  provided  by  citrus  juice.  Thus 
as  early  as  1754,  scurvy  had  been  shown  to  be  a  deficiency  disease, 
attributable  to  the  lack  in  the  diet  of  a  component  oidinarily 
supplied  by  fruits  and  vegetables. 
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The  next  important  step  in  the  history  of  scurvy  was  provided 
by  the  demonstration  in  1907-12  by .  Holst  and  Frohlich4  that 
the  disease  could  be  produced  in  experimental  animals  (in  this 
case,  guinea  pigs)  by  restricting  their  diet  to  grain  and  water. 
The  disease,  thus  caused  in  animals,  was  similar  to  the  syndrome 
in  humans  and,  as  in  humans,  scurvy  in  guinea  pigs  was  pre¬ 
vented  or  cured  by  a  supply  of  fresh  vegetables,  fruit,  or  fruit 
juice.  The  use  of  animals  for  the  study  of  scurvy  by  Holst  and 
Frohlich  is  an  early  instance  of  a  type  of  work  which  has  been 
of  great  importance  in  the  development  of  the  science  of  nutri¬ 
tion.  Much  knowledge  in  this  field  has  resulted  from  animal 
feeding  experiments. 

Shortly  after  the  work  of  Holst  and  Frohlich  there  began  the 
search  for  the  constituent  of  fruits  and  vegetables  which  was 
essential  for  the  prevention  of  scurvy.  Studies  on  oxidation- 
reduction  systems  in  tissues  by  Albert  Szent-Gyorgyi  led  to  his 
isolation,  particularly  from  adrenal  glands,  of  a  substance  with 
marked  reducing  properties  which  was  named  hexuronic  acid.5 
Originally,  Szent-Gyorgyi  did  not  see  any  relation-  between  this 
substance  and  scurvy;  the  connection  was  not  established  until 
Waugh  and  King  isolated  the  antiscorbutic  component  from 
lemon  juice.6  The  two  components  were  shown  to  be  identical, 
and  the  name,  ascorbic  acid,  was  applied.  Elucidation  of  the 
chemical  structure  made  synthesis  possible,  and  now  ascorbic 
acid  is  produced  cheaply  on  a  large  scale.  Some  400  years  elapsed 
between  the  recording  of  Cartier’s  description  of  scurvy  and  the 
identification  of  the  food  constituent  which  prevented  the 
disease. 

Investigations  of  several  other  diseases  were  similar  in  pattern 
and  in  result  to  the  observations  on  scurvy.  Beriberi,  endemic 
in  several  Asiatic  countries,  was  shown  to  result  from  a  lack  of 
the  food  constituent  now  known  as  thiamine.  Pellagra,  the  dis¬ 
ease  common  among  people  using  corn  as  a  principal  food,  was 
found  to  be  caused  by  a  deficiency  of  the  amino  acid,  trypto¬ 
phane,  and  the  nutrient,  nicotinic  acid  or  niacin.  These  investi¬ 
gations,  initiated  to  find  means  of  preventing  or  curing  diseases 
which  were  rife  in  certain  areas,  constituted  one  important  type 
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of  nutrition  study,  leading  to  identification  of  previously  un¬ 
known  food  constituents. 

PLANNED  PRODUCTION  OF  DEFICIENCIES 

While  the  recognition  of  the  various  food  constituents  essen¬ 
tial  for  health  is  an  important  part  of  nutrition  research,  it  is 
equally  important  to  ascertain  the  quantitative  aspects.  Not 
only  do  we  need  to  know  that  ascorbic  acid  will  prevent  scurvy, 
but  also  we  must  know  how  much  ascorbic  acid  is  required, 
how  much  is  contained  in  different  foods,  and  how  much  of 
these  foods  should  be  eaten.  One  method  for  obtaining  such 
information  is,  in  a  sense,  a  reversal  of  studies  designed  to  find 
the  cause  of  a  particular  disease.  A  nutrient  deficiency  may  be 
produced  purposely  in  human  subjects  so  that  studies  on  the 
subjects  may  be  made. 

An  illustration  of  the  planned  production  of  a  deficiency  is 
the  study  on  thiamine  requirement  made  in  the  Mayo  Clinic  by 
R.  D.  Williams  and  his  associates  in  1940-43. 7  Volunteer  subjects 
were  maintained  on  food  intakes  containing  amounts  of  thia¬ 
mine  varying  for  different  subjects.  The  occurrence  of  2  bio¬ 
chemical  defects,  thought  to  be  caused  by  thiamine  deficiency, 
were  studied.  Two  subjects,  maintained  on  the  smallest  intake 
of  thiamine,  quickly  developed  both  defects.  Four  subjects,  fed 
somewhat  more  thiamine,  developed  both  changes  more  slowly. 
A  still  larger  intake  of  thiamine  caused  very  slight  changes  in 
another  group  of  5  subjects.  It  was  concluded  that  this  largest 
intake  represented  the  minimal  daily  need  of  thiamine  by  these 
5  persons. 

This  study  on  thiamine  requirement  can  be  used,  not  only  to 
illustrate  a  type  of  nutrition  research,  but  also  it  can  serve  to 
bring  out  difficulties  which  are  encountered.  Obviously,  research 
on  human  subjects,  who  must  be  suitably  housed  and  caiefully 
fed,  is  expensive  in  money  and  in  time.  Acting  as  a  human  sub¬ 
ject  may  be  unpleasant,  and  frequently  it  is  difficult  to  obtain  vol¬ 
unteers  who  are  not  only  willing  but  also  suitable.  The  combina¬ 
tion  of  expense  and  availability  of  subjects  results,  generally,  in 
the  study  being  conducted  on  a  small  number.  Reference  to  the 
thiamine  study  illustrates  this  situation.  Groups  of  5  subjects,  or 
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less,  were  used  to  determine  the  effects  of  varying  intakes  of 
thiamine. 

In  any  biologic  investigation  involving  living  animals  or 
humans,  individual  response  to  a  treatment  is  likely  to  show 
considerable  variation.  Significant  differences  in  requirements 
for  thiamine,  or  any  other  nutrient,  between  individuals  can  be 
expected.  The  response  of  2  individuals  to  maintenance  on  a 
given  intake  of  thiamine  may  be  quite  different,  not  only 
between  those  2  subjects  but  also  between  those  2  and  indi¬ 
viduals  in  a  much  larger  group.  While  the  experimental  data 
obtained  from  2  subjects  may  be  reliable  for  those  2  persons, 
individual  variation  may  be  so  great  that  the  results  found  for 
2  persons  could  not  be  regarded  as  applicable  to  others.  This 
constitutes  a  very  real  problem  in  nutrition  research.  A  group 
of  subjects,  sufficiently  large  and  properly  selected  so  as  to  be 


representative  of  a  population,  cannot  be  used,  ordinarily,  ue- 
cause  of  expense  or  because  of  unwillingness  of  people  who 
would  be  desirable  as  subjects.  As  a  result,  there  should  be  a 
distinct  limitation  in  the  interpretation  of  the  data.  It  is  not 
suitable  to  conduct  a  study  of  the  requirement  of  a  nutrient 
on  a  group  of  perhaps  10  persons  and  to  conclude  that  the 
results  are  applicable  to  10  million. 

factors  othei  than  individual  variation  must  be  considered  in 
interpreting  the  results  of  a  study  such  as  the  quoted  thiamine 
investigation.  It  is  essential  to  determine  the  reliability  of  the 
criteria  used  to  measure  the  effects  of  a  particular  food  intake. 
1  biochemical  changes  are  measured,  it  should  be  known 
W  tether  or  not  the  changes  are  specific  for  a  lack  of  the  nutrient 
under  study  A  decrease  in  blood  sugar  can  be  produced  by  one 
of  several  dietary  deficiencies  or  by  an  increased  output  of 
insulin.  If  Changes  in  blood  sugar  are  to  be  measured  to  evalu- 
ate  the  effects  of  different  intakes  of  a  nutrient,  the  results  should 
e  interpreted  with  full  recognition  that  other  causes  may  be 

the  funettn  o7  reaS°"  Caref"'  interI>retation  is  that 

e  function  of  one  nutrient  may  be  dependent  on  the  intake 

of  one  or  more  other  food  constituents.  Since  thiamine  is  needed 
for  the  metabolism  of  carbohydrate  and  not  for  the  ut  liradon 
of  fat,  requirement  of  thiamine  will  depend  upon  the  “e 
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amounts  of  ingested  carbohydrate  and  fat.  This  aspect  was 
considered  by  Williams  and  associates  in  their  study  on  thiamine 
requirement,  and  the  dietary  proportions  of  carbohydrate  and 
fat  were  kept  constant  and  recorded.  However,  there  is  a  limita¬ 
tion  in  the  application  of  their  results  to  other  persons.  Neg¬ 
lecting  individual  variation  and  other  variables,  the  quoted  study 
would  be  applicable  only  to  persons  having  intakes  of  carbo¬ 
hydrate  and  fat  similar  to  those  used  in  the  study. 

It  can  be  seen  that  the  obtainment  of  nutrition  information 
by  a  study  on  human  subjects,  such  as  the  one  on  thiamine  re¬ 
quirements,  presents  problems  in  the  applicability  of  the  results. 
The  problems  do  not  preclude  the  need  for  such  studies  if  it  is 
remembered  that  the  data  do  not  provide  a  complete  map  of 
a  pathway  toward  nutrition  information;  each  such  study,  if  the 
results  are  concordant,  provides  a  serviceable  signpost  along  the 
pathway.  If  the  results  of  several  studies  on  the  same  nutrient 
are  not  in  agreement,  there  is  an  obvious  need  for  more  infor¬ 
mation  obtained  by  repetition  of  similar  studies  or  by  different 
technics. 


STUDIES  OF  FOOD  INTAKE 

Another  method  for  obtaining  information  regarding  require¬ 
ments  for  nutrients,  deficiencies  of  which  cause  distinct  diseases, 
is  to  conduct  studies  of  intake  in  a  population  having  a  preva¬ 
lence  of  a  deficiency  disease  and  in  a  population  free  from  the 
disease.  Williams  and  Spies8  compiled  such  information  for 
thiamine  intakes  in  relation  to  the  occurrence  of  beriberi.  The 
data  indicate  a  level  of  intake  which  protects  a  population 
against  the  acute  form  of  the  deficiency.  Similar  information  is 
available  from  Britain  with  regard  to  ascorbic  acid9;  experience 
during  the  second  World  War  showed  that  intakes  of  about 
30  mg.  of  ascorbic  acid  a  day  protected  the  British  population 
against  scurvy.  This  type  of  information  gives  an  indication  of 
the  quantity  of  a  nutrient  required  to  protect  a  group  of  people 
against  the  occurrence  of  severe  deficiency;  that  intake  may  be 
appreciably  less  than  is  necessary  to  maintain  health.  For  most 
nutrients  the  amounts  required  for  the  maintenance  of  health 
are  not  known  with  any  degree  of  precision.  One  obstacle  in 
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obtaining  such  information  is  the  lack  of  a  clear  definition  of 
health,  particularly  with  regard  to  criteria  which  can  be  meas¬ 
ured  objectively. 


BALANCE  EXPERIMENTS 


Another  type  of  study  conducted  on  human  subjects  is  called 
a  balance  experiment.  In  its  simplest  form  this  involves  measure¬ 
ments  of  intake  and  of  excretion.  Various  difficulties  can  be  seen. 
Humans  excrete  practically  no  iron  in  the  urine;  and  in  the 
feces,  only  iron  which  has  not  been  absorbed.  Little  calcium 
appears  in  the  urine,  and  fecal  calcium  consists,  generally,  of 
both  calcium  unabsorbed  from  the  food  and  calcium  lost  from 
body  tissues.  For  many  nutrients  it  has  been  found  that  absorp¬ 
tion  may  be  altered  and  depends  on  bodily  need  (as  in  the  case 
of  iron).  It  has  been  observed,  also,  that  excretion  may  vary 
directly  with  intake.  However,  when  a  shift  is  made  from  one 
level  of  intake  to  another,  a  period  of  adaptation  is  likely.  All 
of  these  factors  have  a  bearing  on  the  central  concept  of  a 
balance  experiment;  that  requirement  may  be  measured  by 
finding  an  intake  which  keeps  the  subject  in  balance,  i.e.,  is 
equal  to  the  total  amount  excreted. 


An  example  of  the  use  of  the  balance  type  experiment  to 
determine  requirement  is  the  study  on  minimal  calcium  require¬ 
ments  of  adults  conducted  in  Lima  by  Hegsted,  Moscoso  and 
Collazos.10  Ten  subjects  were  used.  There  was  an  initial  period 
of  3  days  during  which  a  low-calcium  basal  diet  was  fed.  During 
3  subsequent  10-day  periods  calcium  intake  was  increased  step¬ 
wise  by  the  feeding  of  varying  amounts  of  milk.  A  4th  period 
of  6  days  brought  a  return  to  the  basal  diet.  Urines  and  feces 
were  collected  and  analyzed  for  calcium.  An  excellent  correlation 
was  found  between  the  amount  of  calcium  ingested  and  the 
amount  excreted  in  the  urine.  The  subjects  were  assumed  to 
be  in  balance  when  the  total  calcium  excreted  equalled  the  in¬ 
take,  and  then  the  amount  was  considered  to  be  the  minimal 
calcium  requirement.  The  data  show  5  subjects  with  require- 

300° and  00  T  '7  4  Whh  requirements  between 

300  and  400  mg.  a  day,  and  1  with  a  requirement  of  annrnvi 

mately  600  mg.  per  day.  These  figures  illustrate  one  of  the  prime 
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difficulties  in  ascertaining  nutrient  requirements,  the  individual 
variation  which  is  frequently  so  great  that  application  of  the 
expei  imental  data  from  a  small  group  of  subjects  to  a  large 
population  is  unwarranted. 

Other  difficulties  are  illustrated  by  this  study.  The  subjects 
had  been  accustomed,  perhaps  throughout  their  lives,  to  intakes 
of  calcium  much  below  those  regarded  as  essential  for  health  in 
the  United  States  and  in  Canada.  Perhaps  they  were  so  habitu¬ 
ated  to  such  low  intakes  that  calcium  balance  would  be  found 
at  levels  below  those  in  subjects  accustomed  to  high  intakes. 
The  length  of  the  experimental  periods  raises  still  another 
question.  If  the  subjects  were  adapted  to  low  intakes  of  calcium 
would  a  period  of  10  days  be  sufficient  to  alter  this  adaptation? 
It  is  quite  possible  that  different  figures  for  balanced  intakes 
would  have  been  obtained  if  the  experimental  periods  had  lasted 
10  months  instead  of  10  days.  Here  we  see  another  of  the  pri¬ 
mary  problems  in  studies  on  human  subjects,  the  difficulty  and, 
indeed,  the  impossibility  in  most  cases  of  maintaining  subjects 
on  experimental  diets  for  extended  periods.  All  of  these  prob¬ 
lems  present  hazards  in  the  interpretation  of  the  results.  One 
can  see  the  difficulty  in  measuring  human  requirements  for 
nutrients.  One  can  see,  also,  the  need  for  care  in  applying  the 
results  to  populations. 

ANIMAL  STUDIES 

Studies  on  animals  have  been  invaluable  in  obtaining  nutri¬ 
tion  information.  In  some  cases,  investigations  on  diseases  in 
farm  animals  have  followed  the  pattern  of  studies  on  human 
diseases.  An  example  of  this  was  the  demonstration  of  cobalt 
deficiency  in  Florida  cattle  with  subsequent  development  of 
practical  means  of  prevention.  In  the  laboratory  the  use  of 
animals  as  subjects  in  nutrition  research  has  many  advantages. 
Rats  have  been  used  more  frequently  than  other  species.  Rats 
are  bred  fairly  easily  and  can  be  housed  in  smaller  space  and 
more  cheaply  than  larger  animals.  They  are  omnivorous,  resem¬ 
bling  humans  in  this  respect.  The  normal  life-span  of  the 
laboratory  rat  is  2  years,  and  1  week  in  a  rat’s  life  is  equivalent 
to  35  weeks  in  the  average  life-span  of  humans;  the  effects  ot 
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nutrients  on  growth  can  be  studied  quickly  in  the  rat.  Diets  of 
purified  constituents,  unappetizing  and  unacceptable  to  humans, 
can  be  fed  to  rats;  the  use  of  such  diets  makes  possible  food 
intakes  of  known  and  controllable  composition.  At  a  determined 
time  in  the  experimental  period,  animals  can  be  killed  and 
blood  and  tissues  obtained  for  analysis.  The  interrelation  of  nu¬ 
trition  and  the  endocrine  glands  can  be  studied  by  surgical  re¬ 
moval  of  a  selected  gland.  Obviously,  the  use  of  animals  permits 
many  types  of  studies  under  more  precisely  controlled  conditions 
than  would  be  possible  if  nutrition  research  was  restricted  to 
that  which  could  be  done  on  human  subjects. 

Laboratory  animals  are  housed,  generally,  in  individual  metal 
cages  which  should  be  kept  clean  and  in  which  a  supply  of  clean 
drinking  water  should  be  available  continuously.  Since  the 
metabolism  of  the  animals  can  be  altered  by  fluctuations  in 
temperature  and  humidity,  both  of  these  environmental  factors 


should  be  controlled  at  suitable,  constant  levels.  The  great 
variability  in  response  found  in  humans  also  exists  in  animals, 
but  greater  uniformity  with  less  intra-individual  variation  is 
present  in  animals  which  have  been  inbred  for  a  number  of 
generations,  such  is  the  case  with  rats  used  in  nutrition  research 
laboratories. 

In  the  early  days  of  animal  experiments  diets  consisted  of 
crude  components,  since  substances  of  known  purity  were  not 
available.  Many  nutrients  had  not  yet  been  discovered,  and  the 
nutritive  quality  of  the  diets  is  doubtful.  In  present-day  studies 
diets  are  more  satisfactory.  Highly  purified  casein  is  generally 
the  source  of  protein,  although  pure  amino  acids  can  be  em¬ 
ployed.  Fat  may  be  supplied  in  the  form  of  a  fairly  pure  mixed 
fat,  but  pure  fatty  acids  can  be  used.  Sucrose,  or  other  sugar, 
may  be  the  source  of  carbohydrate.  Elements  such  as  calcium, 
phosphorus,  iron,  etc.,  are  contributed  to  the  diet  in  a  mixture 

essential  "or"  the'  rat  ^  “  P”*”*  *  ^ 

known  •  •  \  supplied  as  pure  substances  of 
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i  c  usea  in  nutrition  experiments,  there  will 
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still  be  considerable  intra-individual  variation.  This  can  be 
countei  balanced  by  having  a  sufficient  number  of  animals.  The 
lequisite  number  depends  on  the  amplitude  of  the  variation 
in  response  to  the  treatment  under  investigation.  As  has  been 
pointed  out  by  Snedecor11  in  his  book  entitled  Statistical  Meth¬ 
ods,  there  should  be  recorded  and  reported  the  number  of 
animals,  the  range  of  observed  values,  the  mean  of  the  observed 
values  and  the  standard  deviation  of  the  mean.  It  is  then  pos¬ 
sible  to  assess  the  significance  of  the  observations.  A  further 
improvement  is  the  calculation  of  the  significance  of  the  differ¬ 
ence  between  means,  and  for  this,  Fisher’s  “t”  test  is  useful. 
From,  this  calculation  of  significance  of  difference  between  ob¬ 
served  values  for  two  groups  of  animals  (for  example,  a  group 
deprived  of  one  essential  nutrient  and  a  control  group  receiving 
a  complete  diet)  it  is  possible  to  determine  whether  the  differ¬ 
ence  is  the  result  of  chance  or  is  a  real  difference  due  to  the 
experimental  treatment. 

Over  many  years  it  has  been  the  custom  in  animal  experi¬ 
ments  to  weigh  the  animals  and  to  use  the  recorded  weights  as 
indices  of  growth.  This  has  led  to  statements  regarding  the 
effects  of  specific  nutrients  or  of  particular  diets  on  growth.  If 
rats  are  fed  a  diet  containing  no  vitamin  A,  they  continue  to 
increase  in  weight  for  some  time.  There  is,  then,  an  impairment 
in  hunger  reflected,  at  first,  in  a  plateauing  of  body  weight 
followed  by  a  continuous  decrease  until  death  ensues.  Of  course, 
control  animals,  receiving  the  same  diet  but  with  vitamin  A, 
exhibit  no  lessening  in  food  consumption  and  show  a  continuous 
increase  in  weight  until  adult  size  is  attained.  Using  weight  as 
an  index  of  growth,  the  experiment  is  interpreted  as  a  demon¬ 
stration  that  vitamin  A  is  essential  for  growth.  As  early  as  1934, 
Orr  and  Richards12  found  that  vitamin  A  deprivation  does  not 
cause  a  cessation  or  impairment  in  body  length,  the  criterion 
of  growth  used  for  humans.  In  many  nutrition  experiments  a 
valuable  interpretation  of  changes  in  body  weight  is  provided  by 
data  on  body  composition.  An  increase  in  weight  may  be  caused 
by  an  increase  in  food  consumption  leading  to  fat  storage  in  the 
body  depots.  In  some  cases  the  fat  storage  may  be  permitted  by 
a  metabolic  change  due  to  the  dietary  presence  of  a  particular 
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nutrient.  If  an  increase  in  body  weight  accompanies  an  increase 
in  body  length,  growth  is  at  least  partly  involved.  Many  of  the 
claims  for  growth-promoting  properties  of  individual  nutrients 
need  examination  on  the  basis  of  whether  growth  was  measured 
or  whether  a  change  in  weight  was  simply  due  to  fat  deposition. 

If  a  diet  deficient  in  any  nutrient  is  fed  to  an  experimental 
animal,  there  develops  a  somewhat  general  pattern  of  decreased 
appetite,  lessened  food  consumption  and  a  real  difference  in 
body  weight  between  the  deprived  and  the  control  animals.  The 
difference  in  body  weight  is  due,  not  only  to  the  metabolic  effect 
of  the  omission  of  a  nutrient  from  the  food  of  the  deprived 
animal,  but  also  can  be  attributed  to  the  difference  in  food 
consumption.  The  deprived  animal  had  smaller  intakes  of  pro¬ 
tein,  fat,  carbohydrate  and  other  nutrients  than  did  the  control. 
Due  to  the  number  of  variables  in  this  experiment  it  is  not 
possible  to  relate  any  change  in  the  deprived  animal  to  a  specific 
variable.  This  dilemma  led  to  the  development  of  an  experi¬ 
mental  procedure,  often  called  “pair-feeding.”  While  this  technic 
had  been  recommended  several  years  earlier  by  other  investiga¬ 
tors,  its  wide  spread  use  was  due  to  the  advocacy  of  it  by  H.  H. 
Mitchell  in  1930.13  In  this  procedure  a  second  control  animal  is 
introduced.  After  the  first  day  this  pair-fed  control  is  given  the 
amount  of  food  eaten  by  the  deprived  animal  on  the  previous 
day,  but  the  nutrient  under  study  is  included.  Subsequent  to 
the  impairment  in  hunger  in  the  deprived  animal,  the  pair-fed 
control  will  receive  less  food  than  it  would  eat  if  allowed  free 
access  to  food,  and  less,  of  course,  than  that  consumed  by  the 
ad  hbi turn-fed  control  which  is  allowed  to  eat  as  desired. 

A  typical  set  of  curves  obtained  by  plotting  body  weights 
against  days  is  shown  in  Figure  1.  Two  differences  in  body 
weight  can  be  seen:  (1)  between  two  controls  the  difference  in 
body  weight  is  due  to  a  difference  in  food  intake,  since  tire 
.make  of  the  pair-fed  control  was  restricted:  (2)  between  the 
pair  ed  control  and  the  deprived  animal  the  only  variable 
m  treatment  has  been  the  nonsupply  of  one  nutrient  to  the 
depnved  animal  and  to  this  variable  is  due  the  difference  in 
body  weight  and  any  other  difference  which  may  be  observed 
Tins  pair-feed, ng  procedure  permits  the  study  of  the  effects  of 
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deprivation  of  a  single  nutrient,  free  from  the  effects  caused  by 
inanition.  A  biochemical  or  morphologic  alteration  seen  m  the 
deprived  animal  but  not  evident  in  the  pair-fed  control  can  be 
attributed  to  the  lack  of  the  nutrient  under  study.  However,  a 
lesion  in  the  deprived  animal  which  appears  also  in  the  pair-fed 
control  but  not  in  the  ad  libitum-fed  control  is  probably  due  to 
inanition.  The  pair-feeding  method  has  proved  to  be  of  great 
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value,  particularly  in  studies  of  function  of  various  nutrients, 
and  has  advanced  nutrition  knowledge  appreciably. 

A  major  question  in  the  use  of  information  obtained  from 
animal  experiments  is  whether  or  not  the  information  is  applic¬ 
able  to  humans.  The  only  real  answer  to  this  question  comes 
from  analogous  studies  on  human  subjects.  Even  when  such 
studies  can  be  done,  inexplicable  differences  may  be  found.  To 
cite  one  example:  the  lack  of  the  nutrient  known  as  pantothenic 
acid  causes  profound  changes  in  rats,  swine  and  other  animals, 
but  no  such  alterations  have  been  observed  as  yet  in  humans. 
Despite  the  serious  limitation,  animal  experimentation  has  been 
of  inestimable  value  in  nutrition  research.  Animal  experiments 
made  possible  the  discovery  of  several  nutrients.  Using  animal 
feeding  technics,  assay  procedures  were  developed  to  permit 
quantitative  estimation  of  a  number  of  nutrients  in  foods  and 
in  extracts  of  foods.  The  assay  procedures  made  possible  the 
isolation  of  many  of  the  nutrients.  The  rapid  progress  in  nutri¬ 
tion  science  in  the  past  50  years  would  have  been  impossible 
without  the  use  of  laboratory  animals. 


MICROBIOLOGIC  STUDIES 

Though  small  animals,  like  the  rat,  provide  a  much  more 
rapid  and  less  expensive  way  of  obtaining  information  than  do 
studies  on  humans,  even  animal  experiments  cost  a  considerable 
amount  and  take  considerable  time.  A  much  cheaper  and  much 
more  rapid  procedure  lies  in  feeding  experiments  with  micro¬ 
organisms.  Many  of  the  nutrients  required  by  humans  and  other 
animals  are  needed  also  by  bacteria,  by  yeasts  and  by  other 
unicellular  organisms.  These  can  live,  function  and  multiply  in  ■ 
a  nutrient  solution  in  a  test  tube.  Under  suitable  conditions 
both  m  respect  to  supply  of  nutrients  and  temperature,  multipli¬ 
cation  is  rapid  and  can  be  used  as  a  criterion  of  nutrition  ade- 
quacy.  Metabolic  changes  are  rapid  also  and  may  serve  as 

other  criterion.  The  organism  Lactobacillus  caseii  requires  the 
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relation,  within  limits,  between  acid  production  and  the  con¬ 
centration  of  riboflavin  in  the  nutrient  solution.  By  measuring 
either  increases  in  cell  population  or  the  amounts  of  acid  pro¬ 
duced  in  a  selected  time  interval  during  which  the  cultures  are 
incubated  at  constant  temperature,  a  response  curve  can  be 
constructed  by  plotting  cell  increase  or  acid  increase  against 
concentration  of  riboflavin  in  a  series  of  cultures  containing 
varying  amounts  of  the  nutrient.  Subsequently,  the  riboflavin 
concentration  in  an  unknown  solution  may  be  determined  by 
ascertaining  the  cell  increase  or  acid  increase  under  a  similar  set 
of  conditions  of  time  and  temperature.  This  procedure  is  known 
as  a  microbiologic  assay.  Analogous  assay  methods,  using  appro¬ 
priate  micro-organisms,  are  available  for  the  quantitative  deter¬ 
mination  of  a  number  of  nutrients.  They  are  much  less  expen¬ 
sive  than  animal  feeding  tests,  and  by  their  use  information  may 
be  obtained  in  days  rather  than  weeks.  There  are  limitations, 
especially  in  regard  to  specificity.  The  multiplication  of  an  or¬ 
ganism  can  reflect  the  available  amount  of  a  nutrient;  it  also 
can  be  altered  by  a  change  in  surface  tension  in  the  suspending 
liquid,  such  as  can  be  produced  by  the  presence  of  a  minute 
amount  of  detergent  in  the  culture  tube  or  by  growth  inhibitors 
present  in  the  sample  under  examination. 


Studies  of  the  nutrition  needs  of  micro-organisms  have  re¬ 
sulted  in  the  discovery  of  nutrients,  later  shown  to  be  requiied 
by  animals  or  humans.  The  substance  inositol,  known  to  chem¬ 
ists  since  1850,  was  found  by  Eastcott  in  192814  to  stimulate  the 
multiplication  of  yeast  cells  and  by  Woolley15  in  1941  to  be 
essential  for  mice.  Inositol  has  not  been  shown  to  be  essential 
for  humans.  Several  other  examples  could  be  cited  of  substances 
of  which  the  nutrient  value  was  discovered  by  nncrobiologic 


investigations. 
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humans.  The  production  of  scurvy  in  guinea  pigs  made  avail¬ 
able  a  procedure  by  which  antiscorbutic  potency  could  be 
assayed,  thus  providing  a  tool  to  be  used  in  the  isolation  and 
the  identification  of  ascorbic  acid.  The  development  of  methods 
of  chemical  analysis  for  the  estimation  of  ascorbic  acid  now 
makes  possible  the  determination  of  that  substance  in  foods,  in 
blood  and  in  tissues.  Repeatedly,  we  can  see  the  value  of  having 
available  a  variety  of  means  by  which  nutrition  information  can 
be  sought. 

Knowledge  of  nutrition  requirements  has  advanced  greatly 
in  the  past  50  years,  but  much  of  this  knowledge  is  far  from 
being  precise.  It  is  known  that  calcium  is  required  for  bone 
formation  and  maintenance  and  for  other  purposes.  Adult  needs 
for  calcium  seem  to  be  amounts  greater  than  0.2  gr.  a  day.  A 
comparatively  small  number  of  studies  have  been  done  on  very 
small  groups  of  human  adults.  The  difficulties  of  conducting 
investigations  on  human  subjects  have  been  pointed  out.  The 
two  problems  of  cost  and  of  obtaining  volunteers  to  act  as 
subjects  have  caused  a  restriction  in  attempts  to  gain  informa¬ 
tion  and  have  produced  data  which  cannot  with  reliability  be 
applied  to  adults  in  general.  Intra-individual  variation  in  cal¬ 
cium  requirements  is  certain  to  exist,  but  we  do  not  know  the 
extent  of  this  variation.  We  shall  see  that  much  qualitative 
information  exists  in  nutrition  but  that  reliable,  quantitative 
information  is  scanty  and  often  nonexistent.  This  should  be 
remembered  in  all  discussions  of  nutrition  requirements. 
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avoisier  measuring  respiration  of  human  subject.  (Grimaux,  Edouard:  Lavoisier, 
Paris  Ancienne  Librairie  Germer,  Bailliere  et  Cie.) 


Fig.  3.  Basal  metabolism  apparatus. 
(Warren  E.  Collins,  Inc.) 


CHAPTER  3 


HISTORICAL  BACKGROUND 

Humans  are  warm-blooded  animals  in  whom  body  tempera¬ 
ture  is  maintained  remarkably  constant  at  37°  to  38°  C.  even 
during  wide  fluctuations  in  environmental  temperature.  An  ex¬ 
planation  of  the  production  of  body  heat  current  in  1750  was 
that  it  was  due  to  friction  between  the  blood  and  the  walls  of  the 
blood  vessels.  At  that  time  inanimate  combustion  was  explained 
by  the  Phlogiston  Theory.  Combustible  substances  contained 
phlogiston  which  disappeared  when  the  substance  burned;  when 
a  solid  oxide  was  formed,  it  was  found  to  be  heavier  than  the 
substance  which  was  combusted;  consequently,  it  was  held  that 
phlogiston  possessed  negative  weight.  Oxygen  was  discovered  by 
Joseph  Priestly  (1733-1804)  in  1774  and  was  called  by  him  “de- 
phlogisticated  air”  because  he  remained  an  adherent  to  the 
Phlogiston  Theory.  The  true  nature  of  combustion  and  of  ani¬ 
mate  heat  production  was  supplied  by  Antoine-Laurent  Lavoisier 
(1743-1794). 


LAVOISIER’S  FUNDAMENTAL  DISCOVERIES 

About  1776  Lavoisier  proved  that  the  atmosphere  ordinarily 
contained  two  gases.  He  found  that  metals  became  heavier  when 
heated  m  atr  not  because  they  lost  phlogiston,  but  because  they 
combined  with  a  gas  which  constituted  about  one  fifth  of  the 

ca”7air-e  bT!'e  ®“  Wa$  7"““'  Priestl<^  “dephlogisti- 
cated  air  but  was  named  oxygen  by  Lavoisier  because  the 

product  of  combustion  was  often  acid.  When  a  candle  burned 

andV™*  *  ChemiCal  react,on  between  the  carbon  in  the  candle 
xygen  in  the  atmosphere  to  form  carbon  dioxide  In  thp 
chemical  reaction  energy  was  liberated,  manifested  afheat  and 
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light.  These  obseivations  of  Lavoisier  were  derived  from  experi¬ 
ments  which  seem  today  to  be  absurdly  simple.  These  simple 
experiments  piovided  such  clear-cut  results  that  they  wiped  out 
the  Phlogiston  Theory,  provided  the  modern  concept  of  oxida¬ 
tion  and  became  the  foundation  for  the  modern  science  of 
nutrition. 

Lavoisier  was  as  much  interested  in  the  production  of  heat 
in  animals  as  he  was  in  inanimate  combustion.  In  1777  he  re¬ 
ported  that  an  animal,  kept  under  a  bell-jar  until  it  died,  re¬ 
moved  oxygen  from  the  air  and  formed  carbon  dioxide.  A  lack 
of  oxygen  finally  caused  the  death  of  the  animal.  Lavoisier  at 
once  offered  an  explanation  of  the  production  of  body  heat: 
when  a  candle  burns,  carbon  in  the  candle  unites  with  oxygen 
to  form  carbon  dioxide,  and  heat  is  liberated;  carbon  in  an 
animal’s  body  similarly  combines  with  oxygen,  and  heat  is  also 
produced.  To  establish  this  hypothesis  it  was  necessary  to  meas¬ 
ure  the  gaseous  exchange  and  the  heat  production  of  an  experi¬ 
mental  animal. 

In  collaboration  with  a  French  physicist,  Laplace,  a  calorimeter 
was  constructed  for  the  measurement  of  heat  given  off  by  an 
animal.  This  instrument  consisted  of  a  metal  cylinder  in  which 
an  animal  was  placed.  The  animal  compartment  was  in  the 
center  of  a  much  larger  receptacle  which  held  a  weighed  amount 
of  ice.  The  heat  given  off  by  the  animal  caused  some  of  the  ice 
to  melt.  The  resultant  water  dropped  into  a  container.  To  melt 
a  gram  of  ice  required  as  much  heat  as  would  be  necessary  to 
raise  the  temperature  of  1  Gm.  of  water  from  0°  to  80°  C.;  since 
Lavoisier  and  Laplace  used  as  a  unit  of  heat  (calorie)  the 
amount  necessary  to  raise  the  temperature  of  1  Gm.  of  water 
by  1°,  the  melting  of  1  Gm.  of  ice  would  require  80  caloiies. 
The  amount  of  heat  given  off  by  an  animal  during  an  experiment 
could  be  calculated  by  multiplying  the  weight  of  water  produced 
by  melting  ice  by  80.  One  other  measurement  was  essential,  the 
amount  of  carbon  dioxide  produced  by  the  animal  during  the 
experimental  period. 

There  has  not  been  preserved  a  description  of  the  apparatus 
which  Lavoisier  and  Laplace  used  to  measure  the  gaseous  ex¬ 
change  of  animals,  but  the  experimental  data  are  available. 


Lavoisier’s  Fundamental  Discoveries 


27 


Both  carbon  dioxide  output  and  oxygen  utilization  were 
measured.  From  the  amount  of  carbon  dioxide  there  was  calcu¬ 
lated  the  amount  of  carbon.  The  experiments  on  inanimate 
combustion  had  determined  the  amount  of  heat  produced  by 
the  burning  of  1  Gm.  of  carbon  and  the  heat  equivalent  of  1  liter 
of  carbon  dioxide  formed  by  the  chemical  reaction.  Thus  it  was 
possible  to  calculate  a  theoretical  amount  of  heat  which  should 
have  been  available  when  the  measured  amount  of  carbon  diox¬ 
ide  was  produced  by  the  animal  in  the  experiment.  The  amount 
of  heat  thus  calculated  from  the  carbon  dioxide  measurement 
was  found  to  be  96  per  cent  of  the  total  amount  of  heat  actually 
given  off  by  the  animal. 

Lavoisier  and  Laplace  realized  that  a  second  source  of  heat 
was  the  oxidation  of  hydrogen.  It  was  possible  to  calculate  this. 
The  total  oxygen  consumption  had  been  determined  and  the 
share  of  this  used  for  the  oxidation  of  carbon  could  be  deducted 
from  the  amount  of  carbon  dioxide.  The  balance  of  the  oxygen 
was  assumed  to  have  united  with  hydrogen  to  form  water.  When 
the  total  theoretical  heat  provided  by  oxidation  of  carbon  and 
hydrogen  was  compared  with  the  quantity  of  heat  actually 
measured,  the  two  values  were  sufficiently  close  to  provide  con¬ 
vincing  proof  of  Lavoisier’s  hypothesis  that  animal  heat  was 
produced  by  oxidation. 

From  the  experiments  on  animals,  Lavoisier  proceeded  to 
measurements  of  gaseous  exchange  of  human  subjects.  There  is 
no  record  that  measurement  of  heat  output  was  undertaken,  but 
that  had  been  made  unnecessary  by  the  determination  of  the 
heat  equivalent  of  carbon  dioxide  and  of  oxygen.  Fortunately, 
Madame  Lavoisier  took  a  keen  interest  in  the  investigations  and 
■was  an  aitist.  A  picture  done  by  her,  which  has  been  preserved, 
is  reproduced  in  Figure  2;  this  shows  the  type  of  apparatus  used 
by  Lavoisier  in  his  studies  on  humans.  The  essential  features  of 
the  studies  were  reported  by  Lavoisier  shortly  before  he  was 
guillotined  in  1794  for  political  reasons.  The  principal  conclu¬ 
1.  The  consumption  of  oxygen  and  the  output  of  carbon 
d, oxide  were  altered  by  changes  in  environmental  temperature; 
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the  production  of  body  heat  varies  inversely  with  the  external 
temperature. 

2.  Heat  production  is  increased  during  the  digestion  of  a  meal. 

3.  Oxygen  consumption  and  carbon  dioxide  production  are 
increased  by  bodily  activity. 

These  conclusions  seem  elementary  now.  They  were  the  basis 
for  all  subsequent  studies  of  energy  production  and  they  have 
been  confirmed  repeatedly.  While  Lavoisier  had  proved  that  the 
production  of  body  heat  is  the  result  of  chemical  reactions  of 
oxidation,  there  was  no  information  as  to  the  site  of  energy 
production.  It  was  not  known  whether  oxidation  occurred  in 
the  lungs,  or  elsewhere.  In  1838  Magnus  reported  that  venous 
blood  contained  more  carbon  dioxide  and  less  oxygen  than 
arterial  blood.  Bertholet  found  that  the  temperature  of  muscle 
increased  during  contraction.  By  1870,  largely  because  of  the 
work  of  Pfluger  and  of  Hoppe-Seyler,  there  was  evidence  that 
oxidation  took  place  in  the  living  cells  of  various  body  tissues. 

METHODS  FOR  MEASURING  ENERGY  PRODUCTION 

The  work  of  Lavoisier  not  only  gave  an  explanation  of  energy 
production  in  humans  and  other  animals  but  also  it  provided  a 
quantitative  basis  upon  which  more  refined  methods  of  measure¬ 
ment  could  be  developed.  Heat  output  could  be  calculated  from 
either  the  volume  of  exhaled  carbon  dioxide  or  from  the  volume 
of  inhaled  oxygen.  During  the  century  after  Lavoisier  s  death 
more  nearly  accurate  apparatus  was  devised;  the  basic  principles 
remained  unchanged. 

In  response  to  the  offer  by  the  French  Academy  of  a  prize  for 
a  more  nearly  precise  measurement  of  heat  production,  two 
investigations  were  undertaken  in  1850— one  by  Duprez  and  the 
other  by  Dulong.  The  latter  devised  a  calorimeter  for  small 
animals  which  permitted  direct  measurement  of  heat  production 
while  the  animal  was  at  fairly  constant  temperature  and  simul¬ 
taneous  determinations  of  oxygen  intake  and  carbon  dioxide 
output.  In  this  calorimeter  the  animal  compartment  was  sur¬ 
rounded  by  a  known  weight  of  water  for  which  temperature 
changes  were  read  from  a  thermometer.  These  investigators  made 
an  important  contribution  when  they  noted  that  the  ratio  of  the 
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volume  of  carbon  dioxide  to  the  volume  of  oxygen  (respiratory 
quotient)  varied.  They  suggested  that  the  kind  of  food  eaten  by 
the  animal  had  an  effect  on  the  respiratory  quotient.  Later,  this 
concept  was  extended  by  Regnault  and  Reiset.  These  workers 
used  apparatus  with  which  fairly  precise  measurements  of  oxygen 
and  carbon  dioxide  could  be  made.  They  found  that  a  food 
intake  consisting  largely  of  carbohydrate  gave  a  respiratory 
quotient  near  unity.  A  food  intake  rich  in  fat  caused  the 
respiratory  quotient  to  be  much  less  with  a  value  of  about 
0.7.  An  animal  maintained  on  a  high  protein  intake  had 
an  intermediate  respiratory  quotient  (about  0.8).  There  is  a 
simple  explanation  of  the  relation  of  respiratory  quotient 
to  food  intake.  Carbohydrates  have  the  general  compo¬ 
sition  represented  by  the  formula  CnH2nOn.  They  contain  suffi¬ 
cient  oxygen  to  oxidize  all  the  hydrogen  present.  Consequently, 
inhaled  oxygen  is  used  only  for  the  oxidation  of  carbon,  and  the 
volume  of  carbon  dioxide  produced  equals  the  volume  of  oxygen 
consumed;  the  respiratory  quotient  is  thus  unity.  If  triolein 
is  used  as  an  example  of  a  fat,  it  can  be  seen  from  the  empirical 
formula  C57H104O6  that  inhaled  oxygen  will  be  needed  for  the 
oxidation  of  carbon  and  for  the  oxidation  of  a  considerable 
portion  of  the  hydrogen.  Hence,  the  volume  of  oxygen  consumed 
will  be  much  greater  than  the  volume  of  carbon  dioxide  exhaled, 
giving  a  respiratory  quotient  of  much  less  than  unity.  Proteins 
possess  a  proportion  of  oxygen  to  carbon  and  hydrogen  inter¬ 
mediate  between  the  proportions  found  in  carbohydrates  and 


Regnault  and  Reiset  made  a  further  contribution  to  the  study 
of  e„ergy  production.  They  showed  that  oxygen  consumption 

anLal  °UtPUt  varied  di"*tly  with  the  site  of  the 

accurate^  T*'  German  Physiologist  Rubner  developed  a  highly 

made  Of  XX  “•  K  simultaneo“  measurements  were 
made  of  heat  productton,  oxygen  intake  and  carbon  dioxide 

mined  Urine' and "d  h$  Value  Was  deter' 

mined.  Urine  and  feces  were  collected  and  the  energy  values  of 

substances  present  in  the  urine  and  feces  were  measured  ,h 

was  energy  which  the  experimental  animal  had  noXTable  to 
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utilize.  By  the  use  of  this  complete  balance  procedure,  Rubner 
proved  that  the  law  of  the  conservation  of  energy  held  for  ani¬ 
mals;  energy  is  neither  created  nor  destroyed  in  the  animal  body 
and  the  energy  liberated  as  heat  or  for  activity  equals  the 
potential  energy  value  of  the  utilized  food. 

Commencing  about  1900,  precise  measurements  of  energy 
production  in  humans  were  carried  out  in  the  United  States 
under  the  leadership  of  Atwater  and  of  Benedict.  A  large 
calorimeter  which  made  possible  accurate  measurements  was 
constructed  in  Wesleyan  University  in  Connecticut.  The  central 
portion  was  a  large  chamber  fitted  so  that  a  subject  could  be  in 
it  for  periods  up  to  2  weeks.  The  chamber  contained  folding 
furniture  (bed,  table,  chair)  which  could  be  moved  aside  to 
permit  muscular  work.  An  aperture,  easily  opened  or  sealed, 
enabled  food  to  be  put  into  the  chamber  and  excreta  to  be 
moved  out.  The  chamber  was  kept  at  constant  temperature  by 
heating  or  cooling  the  walls,  as  required,  and  by  heating  or 
cooling  air  entering  the  chamber.  The  chamber  was  part  of  a 
closed  circuit  respiration  apparatus.  Air  was  circulated  by  a 
pump,  carbon  dioxide  and  water  were  removed  from  air  leaving 
the  chamber  and  oxygen  was  added.  Measurements  were  made 
of  oxygen  consumption  and  of  output  of  carbon  dioxide  and 
water.  Analyses  of  urine  and  feces  provided  information  regard¬ 
ing  energy  not  utilized  by  the  subject.  The  heat  evolved  by  the 
subject  was  determined  by  adding  the  heat  lost  by  the  subject 
in  the  evaporation  of  water  from  the  lungs  and  the  skin  calcu¬ 
lated  from  the  weight  of  water  removed  from  egressing  air  to 
the  heat  gained  by  the  known  weight  of  water  used  for  cooling 
the  calorimeter  chamber.  Measurements  of  energy  production 
were  made  with  subjects  at  rest  and  doing  certain  amounts  of 
activity  or  work.  This  calorimeter  is  an  example  of  a  number  of 
others  in  several  laboratories  which  made  possible  fairly  precise 

measurements  of  energy  production. 

The  simplest  type  of  equipment  for  measuring  energy  produc¬ 
tion  is  that  used  to  determine  basal  metabolic  rate  (i.e.,  energy 
production  of  a  resting  subject).  Because  of  the  observation  by 
Lavoisier,  repeatedly  confirmed,  that  energy  production  is  in¬ 
creased  during  the  digestion  of  a  meal,  basal  metabolic  rate  is 
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measured  when  the  subject  is  in  a  postabsorptive  state,  12  hours 
or  more  after  the  last  preceding  meal.  The  subject  rests  in  a 
prone  position,  and  the  measurement  is  made  in  a  room  having 
a  fairly  uniform  temperature,  preferably  20°  C.  Oxygen  con¬ 
sumption  for  a  chosen  period  is  measured  by  apparatus  illus¬ 
trated  in  Figure  3.  Carbon  dioxide  and  water,  exhaled  by  the 
subject  into  the  closed  circuit,  are  absorbed  in  soda-lime.  Oxygen 
enters  the  circuit  from  a  tank  of  compressed  oxygen,  and  the 
initial  and  the  final  volumes  of  oxygen  in  the  circuit  are  read 
from  a  gauge  on  the  oxygen  reservoir,  or  respirometer. 

This  simple  equipment  can  be  adapted  to  measure  energy 
production  during  exercise  or  work.  The  equipment  for  supply¬ 
ing  oxygen,  measuring  its  consumption,  and  for  removing  carbon 
dioxide  and  water,  may  be  connected  by  flexible  hose  to  a  mouth¬ 
piece  used  by  a  subject  riding  a  stationary  bicycle  or  by  a 
subject  walking  on  a  treadmill,  operated  at  constant  speed. 
The  respiration  equipment  also  may  be  connected  to  a  small 
cabinet  in  which  a  subject  carries  on  a  type  of  work,  such  as 


typing. 

In  the  Douglas  bag  technic  the  mouthpiece,  through  which 
the  subject  breathes,  is  connected  to  a  large,  gas-tight  bag  con¬ 
taining  an  initial  volume  of  air  of  known  composition.  An 
analysis  of  the  gas  at  the  end  of  the  experiment  provides  data 
regarding  oxygen  consumption  and  carbon  dioxide  output. 

Using  various  methods,  many  measurements  have  been  made 
of  energy  production  of  human  subjects  of  both  sexes,  of  various 
ages,  and  in  a  variety  of  states  of  rest  and  activity.  From  these 
data,  u  is  possible  to  estimate  energy  production  and,  conse- 
q  ently,  i equipment  for  a  given  individual.  While  this  is  com¬ 
mon  practice,  it  does  not  provide  an  accurate  figure  of  the 
individuals  requirement.  That  could  be  determined  only  by 
measurement  of  energy  production  by  the  individual  in  questioi/ 
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is  convenient  to  consider  the  total  of  them  as  the  maintenance 
energy  requirement.  If  maintenance  energy  production  is  meas¬ 
ured  with  the  subject  awake,  at  rest,  and  in  a  postabsorptive  state, 
it  is  the  amount  commonly  called  “basal  metabolism.”  Activity 
energy  requirement  is  the  amount  required  for  exercise  or  work. 
During  growth  the  body  increases  its  mass  by  the  incorporation 
of  nutrients  most  of  which  have  potential  energy  and  could  be 
used  for  energy  production  if  growth  were  not  under  way.  Conse¬ 
quently,  it  is  suitable  to  assess  growth  requirements  in  terms  of 
units  of  energy.  Growth  requirement  is  a  third  component  of 
total  energy  need  in  children,  adolescents  and  expectant  mothers. 
Another  use  for  energy-producing  nutrients  is  for  the  production 
of  milk  by  nursing  mothers. 

The  energy  production  and  the  energy  requirements  of 
humans  are  expressed  in  large  calories,*  often  spelled  with  a 
capital  “C.”  T  he  large  calorie,  or  kilogram-calorie  is  the  amount 
of  heat  required  to  raise  by  1°  C.  the  temperature  of  1  Kg.  of 
water  (this  is  1,000  times  the  small,  or  gram,  calorie). 

Maintenance  Energy 

Several  factors  may  cause  alterations  in  maintenance  needs 
within  one  individual  and  may  produce  intra-individual  varia¬ 
tions.  Of  these  factors  the  most  important  are:  body  size,  age, 
environmental  temperature  and  endocrine  secretions. 

1.  Body  Size.  Regnault  and  Reiset  reported  in  1849  that  oxy¬ 
gen  consumption  varied  directly  as  the  size  of  the  experimental 
animal.  From  investigations  on  a  series  of  dogs  Rubner  decided 
that  maintenance  energy  production  was  nearly  proportional  to 
the  surface  area,  rather  than  to  the  body  weight.  A  his  finding 
had  a  marked  influence  on  later  work  and  it  became  customary 
to  express  energy  production  in  terms  of  surface  area.  While  it 
is  possible  to  kill  a  small  animal,  remove  the  skin,  and  measure 
directly  the  area,  such  a  procedure  is  obviously  impossible  for 
humans.  A  number  of  formulas  have  been  devised  for  calculating 
surface  area  from  body  weight.  A  formula  which  received  w.de 
acceptance  was  that  of  Du  Bois.1  Charts  were  made  available  irom 

*  Unless  otherwise  staled,  all  reterences  to  calorie  are  to  the  large  or  kilo- 
gram-calorie. 


33 


Components  of  Energy  Production 


which  the  surface  area  could  be  read,  knowing  the  height  and  the 
weight.  Calculations  made  using  the  DuBois  formula  have  indi¬ 
cated  that  the  average  basal  metabolic  rate  of  adult  men  is  39.5 
calories  per  square  meter  of  body  surface  per  hour. 

While  the  expression  of  basal  metabolism  in  terms  of  surface 
area  has  proved  to  be  a  practical  means,  there  are  objections. 
It  is  not  possible  to  determine  surface  area  accurately, 
and  any  of  the  formulas  for  obtaining  area  from  height  and 
weight  give  only  approximate  values.  It  is  likely,  also,  that  basal 
energy  production  is  not  a  function  of  surface  area  but  is  related 
to  the  amount  of  tissue  in  which  metabolism  is  taking  place. 
Two  men  of  the  same  height  and  weight  and  with  the  same 
surface  area  might  have  different  frames  (the  one  having  small 
bones,  the  other  substantial  bones)  and  different  quantities  of 
metabolically  active  tissue. 

Investigations  of  metabolic  size  have  been  made  by  Brody2 
and  by  Kleiber.3  From  these  studies  has  come  the  conclusion 
that  metabolic  size  can  be  calculated  for  all  warm-blooded  ani¬ 


mals  by  a  simple  formula  which  utilizes  only  body  weight.  The 
Kleiber  formula  is,  calories  =  70  W0-75,  where  W  is  the  body 
weight  in  kilograms.  The  formula  proposed  by  Brody  is  sub¬ 
stantially  the  same.  The  expression  of  metabolic  size  as  W0-75 
has  been  shown  to  be  a  reliable  basis  not  only  for  calculations 
of  basal  metabolism  but  also  for  requirement  for  protein  and 
possibly  other  nutrients.  The  metabolic  size  formula  has  not 
yet  leceived  general  acceptance  for  expressing  human  energy 

production  because  surface  area  tables  have  been  in  general 
use  for  some  years. 


Of  the  various  factors  which  influence  maintenance  energy 
body  size  has  the  greatest  single  effect.  In  most  statements  of 
maintenance  energy  requirement,  figures  are  given  for  average 
men  and  women.  In  the  United  States  and  Canada  the  average 

weigh,  ol  men  is  70  Kg,  Qf  women  56  Kg  DavenpoM4  ca]c» 

He  variation  of  weight  in  adult  Americans  to  be  ±16  per 

2ot  ‘  6  "°™al  range  of  weiSht  £or  males  is  from  105  to 
-03  pounds  An  approximation  of  the  variation  of  maintenance 
ncigy  IS  that  there  will  be  a  deviation  of  11  calories  for  each 
pound  of  body  weight  different  from  the  average. 


34 


Energy  Requirements 


2.  Age.  Benedict  and  Talbot,5  on  the  basis  of  a  large  number 
of  measurements  of  basal  metabolism,  concluded  that  it  was 
greatest  between  the  ages  of  1  and  2  years  when  expressed  in 
calories  per  unit  of  weight  or  size.  From  that  high  point  there  is 
a  gradual  decrease  through  the  balance  of  life. 

3.  Sex.  It  is  doubtful  whether  there  is  a  real  difference  in 
either  basal  metabolic  rate  or  maintenance  energy  between  the 
two  sexes  when  these  values  are  expressed  per  unit  of  body  size. 
For  practical  purposes,  maintenance  energy  production  per  unit 
of  metabolic  size  can  be  assumed  to  be  equal  in  boys  and  girls 
and  in  men  and  women. 

4.  Environmental  Temperature.  One  of  Lavoisier’s  funda¬ 
mental  conclusions  was  that  the  environmental  temperature 
influenced  energy  production.  While  in  general  this  is  true,  and 
while  basal  metabolic  rate  has  been  found  to  decrease  in  people 
going  from  the  northern  temperate  zone  to  the  tropics,  the  effect 
of  a  cold  environment  may  be  largely  mediated  by  the  insulating 
value  of  adipose  tissue  and  of  clothing.  Warm-blooded  animals 
survive  in  the  Arctic,  not  by  a  marked  increase  in  energy  produc¬ 
tion,  but  because  of  the  insulation  of  fat  deposits,  of  the  skin 
and  fur. 

5.  Endocrine  Activity.  One  endocrine  gland,  the  thyroid,  has 
a  specific  effect  on  maintenance  energy  production.  Surgical  re¬ 
moval  of  the  thyroid  causes  a  marked  lowering  of  the  basal 
metabolic  rate.  Persons  with  hypothyroidism  exhibit  a  subnormal 
basal  metabolism,  and  the  converse  is  found  in  cases  of  hyper¬ 
thyroidism.  The  hormone  secreted  by  the  thyroid  is  believed  to 
act  as  a  catalyst  in  increasing  oxidative  processes  within  the  cells 
of  most  body  tissues.  It  is  not  established  that  other  hormones 
may  alter  directly  the  basal  metabolic  rate. 


Average  Values  for  Maintenance  Energy  Requirements 

It  has  been  pointed  out  that  the  amount  of  energy  required 
to  maintain  life  in  an  individual  at  rest  is  not  identical  with 
basal  metabolism,  since  the  latter  means  energy  production  when 
the  subject  is  in  a  postabsorptive  state  and  at  rest.  Maintenance 
energy  production  is  basal  metabolism  plus  the  extra  energy 


Components  of  Energy  Production 
Table  1.  Maintenance  Energy  Requirements 
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Body  Weight 

Pounds 

Calories 

PER  DAY 

100 

1,600 

120 

1,900 

123 

(av.  woman) 

1,900 

140 

2,100 

154 

(av.  man) 

2,250 

160 

2,300 

180 

2,500 

developed  during  the  digestion  of  food.  It  has  been  shown  by 
Brody  that  the  energy  needed  to  maintain  life  in  an  idle  adult 
is  about  four  thirds  of  his  basal  metabolism.  Thus,  estimates  of 
maintenance  requirements  can  be  calculated  from  basal  meta¬ 
bolic  rate.  The  latter  has  definite  usefulness  in  the  diagnosis  of 
thyroid  states.  In  the  practical  application  of  nutrition  to  every¬ 
day  life,  estimates  of  maintenance  energy  production  are  valu¬ 
able,  since  they  are  estimates  of  energy  needs  separate  from  those 
of  activity. 

The  accompanying  table  gives  estimates  of  maintenance  energy 
requirements  for  adults.  These  values  have  been  taken  from  the 
Canadian  Dietary  Standard,  prepared  by  Dr.  E.  W.  Crampton 
for  the  Canadian  Council  on  Nutrition.6  They  are  applicable  to 
persons  having  normal  thyroid  activity  and  resident  in  a  tem¬ 
perate  climate. 


Activity  Requirements 

Between  1875  and  1910  there  was  much  scientific  interest  in 
measurements  of  energy  production,  and  many  determinations 
were  made  of  energy  expenditures  for  various  types  of  exercise 
and  work.  These  became  the  basis  for  estimates  of  energy  re¬ 
quirements  lor  different  kinds  of  activity.  For  convenience 
activities  were  graded  as  sedentary,  moderate,  heavy  and  ve™ 

a  Person  T  Was.dassed  *  ternary.  A  carpenter  wal 

tere  Zed  intT*  housework 

ancl  £l  “he  v  Categol>  A  mst™^  set  of  allow- 

ances  lor  the  various  grades  of  activity  is  as  follows: 
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MEN 


Sedentary 

Calories 

225 

Moderate  work 

750 

Heavy  work 

1,500 

Very  heavy  work 

2,500 

WOMEN 

Sedentary 

225 

Moderate  work 

500 

Heavy  work 

1,000 

While  these  allowances  are  useful  in  estimating  energy  needs, 
it  is  obvious  that  they  have  marked  limitations.  The  actual 
energy  need  of  a  particular  individual  may  be  much  different 
from  the  average  estimate.  If  we  assume  that  all  women  doing 
housework  need  an  activity  allowance  of  500  calories,  the  actual 
expenditure  by  individual  women  may  be  much  less  than  500 
calories  or  much  more,  depending  on  circumstances.  A  woman 
may  do  her  housework  in  a  city  apartment  equipped  with  many 
labor-saving  devices.  Her  energy  expenditure  for  activity  will  be 
much  less  than  that  of  a  woman  who  cares  for  a  large  house  and 
several  children.  The  average  estimate  should  not  be  applied  to 
the  individual  without  careful  consideration.  The  grades  of 
activity  (sedentary,  moderate,  etc.)  are  useful  means  of  describing 
activities,  but  they  need  critical  interpretation.  A  factory  worker 
of  50  years  ago  may  have  expended  much  more  energy  in  doing 
“moderate”  work  than  the  modern  operator  of  an  automatic 
machine.  The  average  estimates  of  activity  needs  may  be  used  as 
approximate  guides,  provided  that  care  is  exercised  in  estimating 
the  activity  need  of  a  particular  individual.  The  only  precise 
procedure  would  be  a  measurement  of  an  individual  s  actual 
energy  expenditure.  This  is,  of  course,  impossible  in  practice. 
For  this  reason,  the  approximate  estimates  are  employed. 

Growth  Requirements 

During  growth  there  is  an  increase  in  body  substance  and  in 
body  weight.  This  can  be  illustrated  with  the  following  average 
figures  of  body  composition. 
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Table  2.  Approximate  Composition  (In  Grams) 
of  Boys  of  Average  Weight 


At  end 
of  1st  year 

At  end 
of  7th  year 

At  end 
of  12th  year 

Body  weight 

9,000 

22,500 

36,000 

Protein 

1,500 

3,750 

6,000 

Fat 

1,000 

2,300 

4,000 

The  increasing  amount  of  protein  and  of  fat  in  the  body 
during  growth  comes  from  the  ingested  food  and  represents  food 
constituents  which  could  have  been  oxidized  to  provide  energy 
if  they  had  not  been  employed  to  increase  body  tissues.  These 
increased  quantities  of  tissue  constituents  were  obtained  by  the 
use  of  a  food  intake  having  a  greater  energy  value  than  was 
needed  for  body  heat,  vital  functions  and  activity.  Hence,  it  is 
leasonable  to  estimate  the  energy  needed  for  growth.  In  prac¬ 
tice,  a  separate  allowance  of  energy  for  growth  is  not  made,  and 
a  total  energy  need  is  estimated  to  include  maintenance,  activity 
and  growth.  These  total  allowances  are  shown  in  Table  3.  It 
should  be  noted  that  total  energy  allowances  of  children  and  of 
adolescents  vary,  as  do  those  of  adults,  according  to  body  size. 
It  is  important  to  realize  also,  that  the  extra  energy  intake  pro¬ 
vided  for  growth  does  not  satisfy  all  requirements  for  growth. 
An  energy  intake,  increased  above  the  needs  for  maintenance 
and  activity,  will  provide  the  extra  protein,  fat  and  carbohydrate 
required  for  growth  of  body  tissues.  There  are  other  nutritional 
needs  for  growth  (for  example,  calcium)  which  cannot  be  stipu- 
lated  in  terms  of  calories.  1 


Energy  Allowances  for  Pregnancy  and  Lactation 

6  .nonths'ofC°mParably  ’I'1’6  gr°Wth  of  tl,e  fetus  durfng  the  first 
S  month  of  pregnancy.  At  the  end  of  the  5th  month  an  average 

e  us  weighs  about  300  Gm.  At  the  end  of  the  7th  month  he 

fetal  wetght  will  be  about  1,000  Gm.  At  birth  the  average Infant 

weight  will  be  about  3,200  Gm.  This  increase  in  size  of  “he  fetus 

is  made  possible  by  supplies  of  nutrients  from  the  mother  These 

extra  quantities  of  nutrients  will  come  from  thet^sofX 
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mother  unless  the  food  intake  is  increased  to  meet  the  need.  In 
the  absence  of  any  real  fetal  growth  during  the  first  6  months  of 
pregnancy,  an  extra  supply  of  nutrients  is  not  needed  for  the 
fetus.  In  addition  to  the  fetal  demands,  there  are  other  nutrient 
needs  during  pregnancy.  The  uterus  increases  in  size,  as  do  the 
breasts,  and  the  placenta  must  be  formed.  In  normal  pregnancy 
a  marked  retention  and  accumulation  of  protein  in  the  tissues 
of  the  mother  also  occurs  to  provide  a  storage  of  protein  for 
emergencies.  All  of  these  changes  produce,  normally,  an  increase 
in  the  body  weight  of  the  mother,  and  all  of  these  require  an 
appropriation  of  protein,  fat  and  carbohydrate  with  potential 
energy  value.  A  general  recommendation  of  400  to  500  calories 
a  day  during  the  second  half  of  pregnancy  is  in  current  use.  This 
extra  amount  is  in  addition  to  the  needs  ot  the  mother  for 
maintenance  and  activity. 


Qualification  of  this  recommendation  is  essential.  It  has  been 
found  repeatedly  that  overweight  of  the  pregnant  woman  is 
undesirable,  since  it  is  a  predisposing  factor  in  the  production 
of  toxemia  of  late  pregnancy.  If  a  woman  is  appreciably  over¬ 
weight  at  the  start  of  pregnancy,  weight  reduction  is  indicated. 
A  woman  of  normal  weight  may  be  expected  to  increase  her 
weight  by  20  per  cent  by  the  end  of  pregnancy;  such  a  gain 
would  be  undesirable  for  an  overweight  mother  and  in  that 
case  an  extra  allowance  of  calories  is  inadvisable. 

The  production  of  milk  requires  the  appropriation  of  food 
constituents  with  definite  energy  value.  It  has  been  estimated 
that  a  baby  4  weeks  old  receives  each  day  in  milk  trom  the 
mother  6.5  Gm.  protein,  42  Gm.  carbohydrate,  and  18  Gm.  fat. 
These  represent  an  energy  value  of  356  calories  supplied  by  the 
mother  to  the  baby.  No  reliable  information  on  the  efficiency  of 
human  milk  production  is  available,  but  certainly  contribution 
by  the  mother  from  tissues  or  from  her  food  will  be  greater  than 
356  calories  daily  during  lactation.  It  is  commonly  recommended 
that  the  caloric  intake  of  the  mother  be  increased  by  600  to  1,000 
a  day  The  lower  figure  is  probably  sufficient  for  most  mothers. 


estimates  of  total  energy  requirements 

Total  energy  need  is  the  sum  of  that  required  for  maintenance 
and  for  activity  plus  such  special  circumstances  as  growth,  pi  eg 
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nancy  and  lactation.  While  we  can  provide  separate  estimates  for 
component  needs  in  the  case  of  adults  and  by  adding  these 
obtain  a  total  requirement,  in  the  case  of  children  available 
data  make  possible  the  total  amount  only. 

In  various  countries  national  nutrition  councils  have  pre¬ 
pared  recommendations  regarding  nutrition  needs  of  the  par¬ 
ticular  population.  This  was  done  on  an  international  basis  by 
the  Health  Organization  of  the  United  Nations  and,  in  more 
recent  years,  by  the  World  Health  Organization  and  the  Food 
and  Agricultural  Organization.  While  estimates  of  some  nutri¬ 
tion  needs  vary  considerably  from  one  country  to  another, 
recommendations  for  calorie  requirements  are  remarkably  uni¬ 
form,  if  different  activity  needs  are  kept  in  mind.  A  housewife 
in  some  countries  may  have  to  do  considerably  more  work  than 
do  many  housewives  in  the  United  States  and  Canada.  A  farmer, 
working  under  primitive  conditions,  may  have  much  greater 
physical  activity  than  one  on  a  mechanized  farm.  While  there 
is  fairly  good  uniformity  in  calorie  recommendations,  allowing 
for  differences  in  activity,  body  size,  age  and  climatic  tempera¬ 
ture,  the  individual  features  of  several  of  the  current  recom¬ 
mendations  should  be  considered. 

F.A.O.  Calorie  Requirements 

These  were  set  forth  in  F.A.O.  Nutritional  Studies,  No.  5, 
June,  1950,  and  this  publication  can  be  recommended  strongly 
for  reference  reading.  As  a  basis  for  calorie  recommendations  for 
adults  there  were  described  a  reference  man  and  a  reference 
woman.  The  reference  man  is  25  years  of  age,  healthy,  weighs 
65  Kg.  and  lives  in  a  temperate  zone.  He  neither  gains  nor  loses 
weight.  His  activities  are:  8  hours  moderate  work,  4  hours  seden¬ 
tary  activity,  2  hours  out  of  doors  with  a  walk  of  5  to  10  Km. 
This  reference  man  is  said  to  need  3,200  calories  a  day.  The 
reference  woman  is  25  years  of  age,  healthy,  weighs  55  Kg.,  lives 
in  a  temperate  zone  and  does  either  housework  or  light  indus¬ 
trial  work.  This  reference  woman  is  said  to  need  2,300  calories 
a  day.  From  these  reference  values  extrapolation  makes  possible 
the  calculation  of  requirements  for  individuals  of  various  body 
weights,  age,  occupation  and  environmental  temperature.  Allow- 
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ances  for  pregnancy  and  lactation  are  approximately  those  dis¬ 
cussed  in  a  previous  section. 

Reference  children  were  selected  on  the  basis  of  various  age 
groups,  and  calorie  allowances  set  for  them.  It  should  be  noted 
that  these  were  identical  with  those  recommended  by  the  United 
States  Food  and  Nutrition  Board.  Procedures  are  described  for 
extrapolation  to  enable  calculations  for  children  of  various 
weights,  activities  and  environmental  temperatures. 


Recommended  Allowances  of  the  U.  S.  Food 
and  Nutrition  Board 

In  the  1953  revision  of  recommended  allowances  the  F.A.O. 
calorie  allowances  were  employed  as  the  basis.  A  standard  man 
and  a  standard  woman  are  described  as  in  the  F.A.O.  recom¬ 
mendations,  and  the  same  standard  calorie  allowances  are  used. 
Procedures  are  described  for  adjusting  the  standard  figures  as 
required  for  climate,  age,  body  size  and  activity. 


Canadian  Dietary  Standard 


The  calorie  allowances  in  the  Canadian  Dietary  Standard  are 
given  for  individuals  of  various  weights.  No  adjustments  are 
described  for  age  or  for  environmental  temperature.  Several 
grades  of  activity  are  given,  and  energy  allowances  are  stipulated 
for  them.  However,  there  is  the  difficulty  of  deciding  whether 
an  individual  is  sedentary  or  moderately  active. 

The  F.A.O.  calorie  recommendations  are  essentially  the  same 
as  those  of  the  United  States  Food  and  Nutrition  Board  and, 
for  comparable  persons,  the  values  given  in  the  Canadian  Dietary 
Standard  are  essentially  the  same.  Table  3  gives  the  calorie  rec¬ 
ommendations  of  the  United  States  Food  and  Nutrition  Board 
It  should  be  noted  that  the  suggested  intakes  are  for  persons  of 
moderate  activity  and  would  be  too  great  for  sedentary  indi¬ 
viduals. 


APPLICATIONS  OF  CALORIE  ALLOWANCES 

Estimates  of  calorie  requirements  have  two  principal  applica¬ 
tions:  (1)  the  planning  of  food  supplies  for  individuals  families, 
or  populations;  (2)  as  a  criterion  of  adequacy  of  observed  intake. 


Fig.  4.  Oxycalorimeter.  (Warren  E.  Collins,  Inc.) 
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Table  3.  Recommended  Calorie  Allowances, 
U.  S.  Food  and  Nutrition  Board,  1953 


Age 

years 

Weight 

lbs. 

Height 

in. 

Calorie 

Men 

25 

143 

67 

3.200 

45 

143 

67 

2,900 

65 

143 

67 

2,600 

Women 

25 

121 

62 

2,300 

45 

121 

62 

2,100 

65 

121 

62 

1,800 

Pregnant  (3rd  trimester) 
Lactating 

add 

add 

400 

1,000 

Infants 

up  to  1 

6-10 

24-30 

lb.X50 

Children 

1-3 

27 

34 

1,200 

4-6 

40 

43 

1,600 

7-9 

59 

51 

2,000 

Boys 

10-12 

78 

57 

2,500 

13-15 

108 

64 

3,200 

16-20 

139 

69 

3,800 

Girls 

10-12 

79 

57 

2,300 

13-15 

108 

63 

2,500 

16-20 

120 

64 

2,400 

In  using  calorie  allowances  for  individuals  it  should  be  re¬ 
membered  that  the  standard  reference  values  were  chosen  for 
particular  types  of  persons.  The  individual  for  whom  a  calorie 
intake  is  being  planned  may  be  quite  different  in  a  number  of 
characteristics  from  the  reference  person.  Probably,  it  will  be 
necessary  to  make  adjustments  for  body  weight,  age,  activity  and 
c  imatic  conditions.  It  may  be  advisable  not  to  adjust  the  calorie 
recommendation  to  the  actual  weight  of  the  individual  Over¬ 
weight  is  the  result  of  an  intake  in  excess  of  need.  If  a  person  is 
overweight,  an  intake  planned  for  the  actual  weight  bill  con¬ 
tinue  the  undesirable  condition.  For  overweight'  persons  the 

SuS,  “  ^  Planned  ^  the  “height  for 

Calorie  allowances  are  of  service  in  planning  food  supplies  for 
groups  of  people.  It  is  essential  to  consider  the  tvnes  if 
tn  the  group  with  respect  to  age,  activity  etc  Whe^  ?! 
calorie  allowances  is  extended  to  the  population  of  a ’country! 
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as  during  a  war,  the  characteristics  of  the  population  with  regard 
to  age,  activity,  etc.,  must  be  taken  into  account.  This  may  be 
done  on  a  simple  basis,  by  ascertaining  the  number  of  adult  men, 
of  women  and  of  children  in  several  arbitrary  groups  such  as  is 
used  in  the  preceding  Table  of  Calorie  Allowances.  On  this 
simple  basis  it  is  assumed,  generally,  that  all  adults  engage  in 
moderate  activity,  which  is  probably  an  average  for  the  popu¬ 
lation. 

There  are  sources  of  error  in  the  employment  of  Calorie  allow¬ 
ances  as  criteria  of  adequacy  of  observed  intakes.  A  record  of  food 
intake  for  one  or  a  few  days  may  not  represent  the  average  intake 
of  a  person  for  an  extended  period,  since  food  intakes  tend  to  show 
considerable  day-to-day  variation.  A  source  of  error  even  more 
serious  is  that  the  calorie  allowance  may  not  fit  the  individual 
under  study.  Calorie  allowances  are  approximate  estimates.  Even 
if  the  allowance  is  adjusted  for  age,  weight,  environmental  tem¬ 
perature,  it  may  be  difficult  to  estimate  the  amount  of  activity. 
The  following  quotation  from  the  1953  revision  of  the  United 
States  Recommended  Dietary  Allowances  is  pertinent. 


The  recommendations  are  not  designed  to  provide  a  basis  for  judging 
the  nutritional  status  of  population  groups  but  rather  to  serve  as  a 
guide  for  planning  food  supplies  for  these  groups.  If  these  allowances 
are  used  in  dietary  evaluation,  it  is  essential  to  appreciate  that,  while 
most  persons  whose  consumption  equals  or  exceeds  the  goals  are  pre¬ 
sumably  well  nourished,  not  all  persons  who  fail  to  reach  these  goals 

are  malnourished. 


Relation  of  Body  Weight  to  Calorie  Intake 

When  the  energy  value  of  the  food  intake  equals  the  energy 
expenditure  there  can  be  neither  a  drain  on  body  tissues  to  make 
good  an  energy  deficit  nor  can  there  be  an  unusable  surplus 
Of  the  three  energy-producing  constituents  of  foods  and  of 
body  tissues  (proteins,  fats  and  carbohydrates)  only  one  can  be 
stored  in  reasonably  large  amounts.  Carbohydrates  and  protein  in 
excess  of  immediate  needs,  are  converted  to  fat  for  storage.  T 
storage  of  fat  is  the  explanation  of  the  condition  of  definitely  a 
normal  weight  known  as  obesity.  There  is  only  one  cause  of  over- 
weight:  food  consumption  having  greater  energy  value  than  the 
Tndfvidual  expends,  the  resultant  surplus  being  stored  as  fa.  and 
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causing  an  increase  in  weight  above  that  which  is  normal  or 
proper  for  the  individual.  Similarly,  there  is  only  one  cause  of 
underweight:  a  food  intake  of  energy  value  less  than  the  ex¬ 
penditure. 

In  discussions  of  overweight  and  underweight  other  explana¬ 
tions  frequently  are  considered.  There  are  various  possibilities: 

1.  An  impairment  in  digestion  might  lessen  the  amount  of  food 
actually  available.  This  could  be  an  explanation  of  underweight 
but  not  of  obesity.  Sustained  diarrhea  or  a  failure  in  absorption, 
as  in  sprue  or  in  celiac  disease,  may  lead  to  a  loss  of  weight. 

2.  A  change  in  the  efficiency  of  energy  production  within  the 
body  could,  conceivably,  have  an  effect  on  body  weight.  An  indi¬ 
vidual  with  an  abnormally  efficient  production  would  obtain  more 
energy  from  a  given  amount  of  eaten  food  and  could  have  a  re¬ 
sultant  surplus.  On  this  basis,  an  underweight  person  is  one  with 
a  subnormal  efficiency  of  energy  production.  No  data  to  support 
this  hypothesis  have  been  obtained  yet  for  either  underweight  or 
overweight  humans,  although  such  evidence  is  available  for  sev¬ 
eral  species  of  animals. 


3.  A  popular  explanation  of  overweight  is  “glands.”  Presum¬ 
ably,  what  is  meant  is  that  an  overweight  person  has  subnormal 
thyroid  with  a  consequently  reduced  maintenance  energy  produc¬ 
tion.  Examination  of  large  groups  of  habitually  obese  individuals 
has  not  shown  an  unusual  incidence  of  hypothyroidism.  Even  if 
it  did  exist  it  would  still  be  true  that  the  cause  of  overweight  is  an 
energy  intake  in  excess  of  need. 


While  the  only  proved  cause  of  overweight  and  obesity  is  an 
excess  energy  intake,  there  may  be  psychological  or  emotional  fac- 
tors  whIch  influence  the  food  intake.  Many  people  obtain  from 
g  a  sense  of  pleasure  or  satisfaction  which  may  nullify  depres- 
smn  or  frustration.  The  desire  to  have  a  distended  stomach  af  the 

oarem S  h  T  enSendered  in  childhood  by  imitation  of 

To  be  a  I  T  ^  I  SinCe  heredity  has  not  bee"  shown 
humans  t,  Tin  T'"8  ei“,er  ove™eiSht  <*  underweight  in 

mans,  this  childhood  imitation  of  the  eating  habits  of  parents 

and  the  persistence  of  this  custom  may  be  the  explanation  f 
weight  "running  in  a  family."  V  exPlanation  of  over- 
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The  only  successful  treatment  or  prevention  of  obesity  is  the 
continuous  consumption  of  less  food  (in  energy  value)  than  has 
been  the  custom.  The  reverse  is  true  of  underweight.  Obviously, 
a  break  in  a  long-standing  habit  and  the  establishment  and  the 
maintenance  of  new  habits  require  will  power.  The  lack  of  deter¬ 
mination  is  the  main  reason  for  failure  of  reducing  regimens.  No 
magical  pill,  however  expensive,  or  freak  or  faddish  treatment  can 
replace  will  power  expressed  in  a  continued  determination  to  eat 
less. 


ENERGY  VALUE  OF  FOODS 

The  energy  value  of  a  food  is  expressed  in  the  same  unit,  the 
calorie,  as  is  used  in  measuring  energy  expenditures  of  humans. 
Three  types  of  procedure  are  available  for  the  determination  of 
the  calorie  value  of  food:  (1)  direct  calorimetry  in  which  a  meas¬ 
urement  is  made  of  the  heat  produced  when  a  sample  of  food  is 
completely  burned;  (2)  indirect  calorimetry  involving  a  calcula¬ 
tion  of  heat  production  from  a  measurement  of  the  amount  of 
oxygen  utilized  for  the  combustion  of  a  food  sample;  (3)  calcula¬ 
tion  of  the  total  calorie  value  of  a  food  of  predetermined  composi¬ 
tion  using  calorie  values  for  protein,  fat  and  carbohydrate. 

Gross  and  Available  Energy  Values  of  Foods 

If  a  sample  of  food  is  combusted  in  direct  or  in  indirect  calo¬ 
rimetry,  the  energy  value  thus  determined  is  appreciably  greater, 
particularly  for  foods  containing  considerable  protein,  than  the 
calories  which  would  be  obtained  by  a  person  who  eats  the  same 
amount  of  the  food.  All  of  the  ingested  food  is  not  likely  to  become 
available  for  utilization  by  body  tissues  because  of  lmcomplete 
digestion  or  absorption.  In  a  calorimeter  the  organic  constituents 
of  a  food  are  oxidized  completely,  and  the  full,  or  gross,  energy 
yield  is  obtained.  If  metabolism  is  normal,  absorbed  carbohydrate 
and  fat  are  combusted  as  completely  as  in  a  calorimeter,  and  the 
yields  of  energy  are  the  same.  However,  protein  is  not  oxidized 
fully  in  the  body,  the  amino  nitrogen  being  used  mainly  for  the 
excreted  substance,  urea.  Hence,  the  in  vivo  yield  of  energy  from 
protein  is  appreciably  less  than  the  value  determined  by  calo¬ 
rimetry. 
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The  proportion  of  an  ingested  food  which  is  absorbed  depends 
upon  the  condition  of  the  gastro-intestinal  tract,  the  character  of 
the  food  itself,  and,  if  eaten  in  a  meal,  the  assortment  of  other 
foods.  Corrections  of  energy  values  obtained  by  direct  or  indirect 
calorimetry  to  allow  for  losses  during  digestion  and  absorption  are 
not  ordinarily  made.  In  his  description  of  the  oxycalorimeter,  or 
indirect  calorimeter,  Benedict7  stated  that  the  loss  of  energy 
through  incomplete  absorption  is  small  and  can  be  disregarded. 
The  classic  work  of  Atwater  and  others  on  digestibility  and  energy 
values  showed  that  the  net  yield  of  energy  in  vivo  may  be  appreci¬ 
ably  less  than  the  gross  values  obtained  by  calorimetry.  For  some 
common  foods  the  percentages  of  ingested  amounts  were  found 
by  Atwater8  to  be  as  follows: 


Whole  wheat  flour 

79 

Average  white  flour 

89 

Vegetables  (average) 

83 

Eggs 

97 

Meat 

97 

Milk 

97 

These  figures  show  that  the  net  energy  yield  obtained  by  the 
average  human,  eating  the  type  of  meals  used  in  Atwater’s  studies, 
would  be  definitely  less  than  the  values  secured  by  calorimetry  in 
the  case  of  vegetables  and  some  cereal  products.  Moreover,  the 
correcting  factors  determined  by  Atwater  could  be  altered  by  the 
use  of  different  types  of  meals  and  by  the  state  of  the  gastro¬ 
intestinal  tract.  The  gross  energy  values  of  foods  can  be  measured 
with  considerable  precision  in  any  of  several  types  of  calorimeters; 
the  yield  of  energy  obtained  by  the  individual  who  eats  these  foods 
can  be  considerably  less.  No  single  correcting  factor  can  be  ap¬ 
plied  to  all  foods  to  allow  for  losses  in  digestion  and  absorption 


Direct  Calorimetry 

drSTfond5  °i£,‘hiS  a  pe  °£  calorimetr>' is  that  a  weighed  sample  of 
dried  food  is  burned  completely  in  an  atmosphere  of  oxygen  the 

heat  produced  is  transmitted  to  adjacent  water  and  the  calorie 

value  is  calculated  from  the  rise  in  temperature  of  "he  water  t  e 

weight  of  which  is  known.  A  central  vessel  in  ihP  1  •  ’ 

constrnrfpri  .  ccmrai  vesse*  m  the  calorimeter  is 

onstructed  of  pressure  resistant  metal.  It  is  fitted  with  a 
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tube  through  which  oxygen  under  pressure  can  be  admitted  and 
also  with  two  rods  which  act  as  electrical  conductors.  One  of  these 
rods  holds  the  crucible  containing  the  food  sample.  The  food  is 
ignited  by  means  of  a  fine  iron  wire,  connected  to  the  two  con¬ 
ductors  and  dipping,  in  the  center,  into  the  food.  The  central  ves¬ 
sel  of  the  calorimeter  is  completely  surrounded  with  a  tank  con¬ 
taining  a  known  weight  of  water,  into  which  is  placed  a  precise, 
sensitive  thermometer.  Prior  to  combustion  the  sample  of  food 
must  be  dried  free  of  moisture. 

Indirect  Calorimetry 

Because  of  the  great  cost  of  direct  calorimeters,  Benedict  devised 
the  oxycalorimeter.  The  fundamental  principle  of  this  apparatus 
is  the  determination  of  the  volume  of  oxygen  required  to  burn  a 
weighed  sample  of  food  and  the  calculation  of  the  energy  value 
from  the  amount  of  oxygen,  using  a  predetermined  figure  for  the 
calorie  value  of  a  liter  of  oxygen.  A  diagram  of  the  apparatus  is 
shown  in  Figure  4. 

The  combustion  chamber  (A)  is  a  glass  cylinder,  similar  to  the 
glass  cylinder  used  to  enclose  an  old-style  kerosene  lamp.  It  has 
gas-tight  fittings  at  both  ends  through  which  pass  tubes  connecting 
the  combusting  chamber  to  the  remainder  of  the  apparatus.  The 
weighed  sample  of  dried  food  is  placed  in  the  center  of  the  base 
of  the  chamber  and,  as  in  the  calorimeter,  the  food  is  ignited  by 
means  of  a  fine  iron  wire  connected  to  two  electrodes.  The  spirom¬ 
eter,  D,  is  similar  to  that  used  in  a  Benedict  basal  metabolism  ap¬ 
paratus.  The  spirometer  is  a  reservoir  for  oxygen,  and  the  bell  of 
the  spirometer  rises  or  falls,  depending  on  changes  in  the  volume 
of  contained  gas.  The  bell  carries  a  pointer  which  travels  along  a 
gauge  to  permit  measurement  of  the  volume  of  gas  in  the  spirom¬ 
eter.  In  the  center  of  the  spirometer  is  a  container  of  soda-lime 
which  absorbs  the  carbon  dioxide  and  the  water  produced  by  the 
combustion  of  the  food.  Since  these  combustion  products  are  thus 
absorbed,  their  production  does  not  affect  the  volume  of  gas  in 
the  spirometer.  After  a  weighed  sample  of  food  is  placed  in  the 
crucible  in  the  combustion  chamber  the  apparatus  is  assembled. 
The  apparatus  is  Hushed  out  with  oxygen  and  then  filled  with  this 
gas.  Gas  is  kept  in  circulation  between  the  combustion  c  am  ier 
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and  the  spirometer  by  means  of  an  electric  blower  (C)  .  When  a 
current  is  turned  on  the  electrodes  in  the  combustion  chamber,  the 
iron  wire  glows  and  ignites  the  food,  which  burns  quickly  in  the 
atmosphere  of  oxygen.  The  change  in  volume  of  oxygen  is  meas¬ 
ured  with  the  spirometer  gauge.  Various  corrections  must  be  made 
for  atmospheric  pressure,  oxygen  used  by  the  oxidation  of  the  iron 
wire,  temperature  of  the  spirometer,  etc.  Of  these  corrections  the 
greatest  in  magnitude  is  that  for  the  incomplete  combustion  of 
protein.  In  the  calorimeter  nitrogen  from  protein  remains  as  the 
element,  and  a  correction  of  the  final  gas  volume  must  be  made. 


Correction  for  Incomplete  Combustion  of 
Protein  in  the  Body 


It  has  been  noted  that  protein  is  burned  more  completely  in  the 
calorimeter  than  in  the  body.  There  is  a  loss  of  available  energy 
due  to  the  excretion  of  urea  and  other  nitrogenous  compounds. 
It  is  customary  to  express  this  loss  in  terms  of  calorie  per  gram  of 
digested  protein,  and  the  value  generally  used,  1.25  calories  per 
gram  of  protein,  was  obtained  originally  by  Atwater  from  deter¬ 
minations  on  the  urine  of  male  subjects  consuming  mixed  diets. 
The  calorie  equivalents  of  urinary  excreta  were  measured.  Obvi¬ 
ously,  a  factor  such  as  this  to  correct  for  the  difference  of  combus¬ 
tion  of  protein  in  a  calorimeter  and  in  vivo  cannot  be  applied 

without  an  analytical  determination  of  the  amount  of  protein  in 
the  food. 

Calculation  of  Energy  Value  from  Food  Composition 


If  the  amount  of  energy-producing  constituents  of  foods  is  de¬ 
termined  by  analysis,  the  energy  value  can  be  calculated  using 
calorie  equivalents  of  unit  weights  of  those  constituents 
When  different  carbohydrates  are  burned  in  a  r»w, .... 


to  another.  The  same  is  true  of  fats  and  of 
measured  such  values  and  found  that  average 

1  rvurc  •  ^ 


lows: 


average  values  were  as  fol- 


Carbohydrates 

Fats 

Proteins 


4.1  Calories  per  Gm. 
9.45  Calories  per  Gm. 
5.65  Calories  per  Gm. 
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Atwater  assumed  that  98  per  cent  of  ingested  carbohydrates  are 
absorbed  and  that  these  compounds  yield  the  same  amount  of 
energy  in  the  body  as  in  the  calorimeter.  An  average  absorption 
percentage  for  food  fats  was  estimated  to  be  95.  Atwater  found 
that  92  per  cent  of  food  proteins  is  absorbed  on  the  average  and 
that  the  energy  lost  by  incomplete  utilization  in  the  body  was 
1.25  calories  per  gram  of  protein.  The  above  values  are  corrected 
as  follows: 

Carbohydrates  4.1  X  98  per  cent  4  Calories  per  Gm. 

Fats  9.45  X  95  per  cent  9  Calories  per  Gm. 

Proteins  (5.65  X  92  per  cent)  —  1.25  4  Calories  per  Gm. 

There  has  been  controversy  regarding  these  unitary  calorie 
equivalents.  The  correcting  factors  used  by  Atwater  were  based 
on  studies  with  subjects  who  ate  meals  representative  of  United 
States  food  habits  at  that  time  (1899).  Since  then  there  have  been 
alterations  in  United  States  food  use,  and  food  habits  in  other 
countries  may  be  considerably  different.  In  a  report  from  the  Food 
and  Agriculture  Organization  (1947)  9  calculations  for  a  low- 
cereal  and  for  a  high-cereal  food  intake  are  given.  These  show  that 
errors  of  0.5  to  5.0  per  cent  can  occur  when  calorie  values  are 
calculated  from  the  factors  given  above  without  further  considera¬ 
tion  of  digestibility  of  particular  foods  or  food  combinations.  In 
actual  practice  such  errors  are  negligible,  particularly  when  one 
remembers  the  approximate  nature  of  data  on  food  composition 
and  of  estimates  of  energy  requirements.  For  practical  use  in  the 
calculation  of  energy  values  the  simple  factors  4,  9,  4  are  sufficiently 
reliable. 

Another  difficulty  lies  in  the  methods  of  food  analysis.  To  save 
time  and  expense  it  is  common  practice  to  determine  the  percent¬ 
age  of  carbohydrate  by  difference  and  not  by  direct  analysis.  Mois¬ 
ture,  fat,  protein  and  ash  are  measured  directly;  the  sum  of 
the  percentages  of  these  is  subtracted  from  100  to  give  the  percent¬ 
age  of  carbohydrate.  Not  all  food  carbohydrates  are  fully  digested 
and  absorbed,  and  the  magnitude  of  error  in  calculating  net 
energy  values  has  been  pointed  out  by  McCance  and  \\  iddowson. 
Here  again,  the  approximate  values  sufficiently  good  for  every  ay 
use  are  those  which  are  obtained  most  easily.  The  carbohydrate 
contents  which  appear  in  most  tables  of  food  composition  have 
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been  obtained  “by  difference,”  and  the  use  of  these  for  calcula¬ 
tions  of  energy  values  with  the  4,  9,  4,  factors  is  reliable  enough 
for  practical  use. 

Bread  can  be  used  as  an  example  for  the  application  of  this 
method  of  determining  energy  values.  The  average  composition  of 
enriched  white  bread  containing  4  per  cent  nonfat  milk  solids  is, 
Carbohydrate  5 1 .8  per  cent 

Fat  3.2  per  cent 

Protein  8.5  per  cent 

The  energy  value  of  this  bread  would  be  by  calculation: 
Carbohydrate  51.8  X  4  =  207  Calories  approx. 

Fat  3.2  X  9  =  29  Calories  approx. 

Protein  8.5  X  4  =  34  Calories  approx. 

Bread  270  Calories  per  100  Gm. 

Many  tables  of  the  nutritive  value  of  foods  present  the  informa¬ 
tion  as  calories  and  the  amounts  of  various  nutrients  per  100  Gm. 
of  food.  Food  is  not  eaten  in  100  Gm. -portions,  and  it  is  more 
convenient  to  have  information  in  terms  of  average  servings  or 
of  household  units.  The  average  serving  or  the  household  unit  of 
bread  is  one  slice.  The  Bureau  of  Home  Economics  and  Human 
Nutrition  of  the  United  States  Department  of  Agriculture  has 
found  that  the  weight  of  an  average  slice  of  bread  is  23  Gm.  If  we 
use  the  energy  value  calculated  for  100  Gm.  of  bread,  the  energy 

value  for  one  average  slice  will  be-^-  X  270-62  Calories. 

Occasionally,  as  in  the  planning  of  special  diets,  it  is  desirable 
to  now  the  weight  of  the  food  which  will  provide  100  calories. 

The  100  calorie-portion  of  bread  is  X  100  —  37  Gm. 

vai?1?1^  f  TabkS  °f  F°°d  ComP°sition>  showing  the  energy 
o  foods,  are  available.  These  may  be  consulted  for  infor- 

usefuTarT  8  “  The  tableS  Whkh  Particularly 

Food  Composition  Tables-Minerals  and  Vitamins-for  inter 

“  AgriCUltUrC  °rganiZad0n  United 

■SKKSSiSSS"  H,"ab°°l  No-  *•  “ 
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The  Chemical  Composition  of  Foods,  McCance  and  Widdow- 
son,  Medical  Research  Council  (Britain) ,  Special  Report  Series 
No.  235,  1946 

Table  of  Food  Composition,  Department  of  National  Health 
and  Welfare,  Canada 

Table  4.  Energy  Value  of  Some  Common  Foods  in  Calories 


Asparagus,  1  cup,  175  Gm.,  cooked  36 

Beans,  snap,  1  cup,  125  Gm.,  cooked  27 

Beef,  rump,  90  Gm.,  cooked  320 

Bread,  average,  white,  1  slice,  23  Gm.  62 

Butter,  1  scjuare,  7  Gm.  50 

Cabbage,  1  cup,  170  Gm.,  cooked  40 

Cheese,  cheddar,  30  Gm.  113 

Egg,  1  medium,  boiled  77 

Doughnut,  32  Gm.  136 

Milk,  whole,  1  cup,  244  Gm.  166 

Milk,  skim,  1  cup,  246  Gm.  87 

Orange,  1  medium,  215  Gm.  70 

Apple  pie,  1/7  pie,  135  Gm.  331 


Potatoes,  cooked  and  mashed,  1  cup,  195  Gm.  159 

Table  4  shows  the  calorie  values  of  average  servings  of  some 
foods  used  frequently  in  the  United  States  and  in  Canada.  The 
values  have  been  based  on  those  in  the  United  States  Table  (sec¬ 
ond  in  preceding  list). 

Knowledge  of  the  energy  values  of  foods  is  essential  for  the 
selection  of  foods  by  people  who  wish  to  be  slender.  Even  large 
servings  of  vegetables  like  asparagus  and  snap  beans  have  low 
energy  values;  such  foods  provide  vitamins,  minerals  and  bulk 
without  being  fattening.  Many  baked  goods  or  pastries,  like 
doughnuts  and  pies,  frequently  are  eaten  without  realization  of 
the  large  calorie  contribution.  The  difference  between  the  energy 
values  of  whole  and  skim  milk  is  worth  noting.  When  weight  re¬ 
duction  is  desired,  foods  of  large  calorie  value  per  serving  should 
be  restricted  in  use  unless  the  food  makes  a  needed  nutrition  con¬ 
tribution  of  essential  nutrients. 
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CHAPTER  4 


The  carbohydrates  contain  carbon,  hydrogen  and  oxygen,  and, 
as  is  indicated  by  the  name,  the  hydrogen  and  the  oxygen  are 
present  in  the  same  proportion  as  in  water.  A  general  empirical 
formula  is  Cn  H2nOn.  This  formula  is  not  specific  for  carbohy¬ 
drates;  acetic  acid  (C2H402)  has  this  composition  but  is  not 
carbohydrate.  The  carbohydrates  are  either  polyhydric  alcohols 
having  an  aldehyde  or  a  ketone  group,  or  such  compounds  are 
formed  by  hydrolysis  of  complex  carbohydrates. 

CHEMISTRY 

On  the  basis  of  molecular  structure  and  for  convenience  carbo¬ 
hydrates  are  classified  in  3  principal  groups: 

1.  Monosaccharides  or  simple  sugars,  not  hydrolysed  during 

digestion. 

2.  Disaccharides,  formed  by  the  condensation  of  two  similar 
or  dissimilar  simple  sugars. 

3.  Polysaccharides,  complex  structures  formed  by  the  con¬ 
densation  of  a  number  of  molecules  of  simple  sugars. 

The  monosaccharides  may  be  subdivided  on  the  basis  of  the 
number  of  carbon  atoms  in  the  molecule  (e.g.,  tetroses,  pentoses, 
hexoses)  or  on  the  basis  of  whether  an  aldehyde  or  a  ketone 
group  is  present  (e.g.,  aldoses,  ketoses).  To  describe  a  particular 
compound  both  types  of  nomenclature  may  be  combined,  as  in 
describing  the  simple  sugar,  glucose,  as  an  aldohexose.  This 
monosaccharide  is  physiologically  the  most  important  member 
of  this  class  of  carbohydrates.  Two  other  aldohexoses,  galactose 
and  mannose,  may  occur  in  foods.  A  ketohexose,  fructose,  is  of 
nutritional  interest.  Glucose,  also  called  dextrose,  or  grape  sugar, 
occurs  widely  in  fruits  and  vegetables.  Glucose  is  continually 
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present  in  blood  and  is  “blood  sugar.’’  It  is  not  only  of  essential 
importance  in  metabolism  but  is  one  of  the  two  simple  sugars 
used  to  form  all  common  disaccharides.  As  the  name  indicates, 
fructose  is  present  in  many  fruits.  Galactose  is  not  usually  found 
in  foods  as  the  free  simple  sugar  but  is  generally  found  in  com¬ 
bination  with  other  monosaccharides,  as  in  lactose,  the  sugar  con¬ 
tained  in  milk. 

The  disaccharides  include  3  compounds  of  nutritional  interest: 
sucrose,  maltose  and  lactose.  All  of  these  are  condensation 
products  of  2  monosaccharides,  and  the  simple  sugars  are  set 
free  by  hydrolysis,  as  during  digestion.  Sucrose  is  the  customary 
table  sugar,  prepared  from  sugar  cane  or  from  sugar  beets.  It 
may  be  found  in  other  plant  tissues,  e.g.,  pineapples.  Sucrose 
is  formed  by  the  condensation  of  glucose  and  fructose,  and  these 
monosaccharides  result  from  the  digestive  hydrolysis  of  sucrose. 
This  disaccharide  is  easily  digested,  and  the  resultant  simple 
sugars  absorbed  and  utilized,  provided  that  the  sucrose  is  in¬ 
gested.  Sucrose  and  other  disaccharides  are  not  utilized  when 
supplied  parenterally.  Milk  is  the  only  food  which  contains 
lactose,  a  disaccharide  formed  in  the  mammary  gland  by  the 
union  of  glucose  and  galactose.  Maltose,  a  condensation  product 
of  2  molecules  of  glucose,  is  manufactured  by  the  partial  hy¬ 
drolysis  of  starch  and  is  present  in  preparations  said  to  be  easily 
digested  and  hence  fed  to  babies. 

The  polysaccharides  are  complex  carbohydrates  of  which  3  are 
nutritionally  important:  starch,  glycogen  and  cellulose.  Plants 
store  carbohydrate  as  starch.  While  it  can  be  said  that  starch  is 
a  polymer  of  glucose,  natural  starch  is  a  mixture  of  2  such 
groupings.  The  hydrolysis  of  starch  ultimately  yields  glucose  but 
is  a  step-wise  process  in  which  compounds  of  decreasing  com- 
plexuy  are  formed  by  splitting  off  1  molecule  of  maltose  at  each 
S'  77  1Mermed.ate  degradation  products  are  called  "dex- 

ammah  f  yCTn'  ”  animal  SUrch'  is  the  impound  used  by 
animals  for  the  storage  of  carbohydrates.  On  hydrolysis  glucose 

■s  produced  from  glycogen.  Cellulose  is  a  complex  carbohydrate 

"7  T7S  f  Structural  Purpose  in  plant  tissues.  While  cehulose 
can  be  hydrolysed  to  glucose,  the  human  digestive  apparatus  does 

not  possess  an  enzyme  capable  of  hydrolyzing  cellulose.  However! 
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this  compound  does  serve  a  purpose  in  the  gastro-intestinal  tract. 
Since  it  is  indigestible,  it  remains  unaltered  and  provides  bulk 
which  aids  in  the  formation  of  normal  feces. 


OCCURRENCE  OF  CARBOHYDRATES  IN  FOODS 


It  was  noted  in  Chapter  3  that  common  practice  in  determina¬ 
tions  of  food  composition  is  to  estimate  the  amount  of  carbohy¬ 
drate,  not  by  direct  analysis,  but  by  computation.  The  percentage 
of  carbohydrate  in  a  food  is  assumed  to  be  100  minus  the  sum  of 
the  percentages  of  other  constituents.  For  most  nutritional  pur¬ 
poses  this  arithmetic  procedure  is  sufficiently  good.  Most  of  the 
carbohydrate  constituents  of  common  foods  can  be  utilized  by 
humans.  Cellulose  is  a  noteworthy  exception.  The  computed  car¬ 
bohydrate  content  can  be  misleading  for  foods  which  contain  con¬ 
siderable  cellulose.  This  substance  can  be  determined  analytically, 
and  some  food  tables  show  the  amount  of  “fiber”  in  foods.  The 


Composition  of  Foods  (U.  S.  Department  of  Agriculture)  gives 
such  information.  Table  5  indicates  the  weight  of  total  carbohy¬ 
drate  and  of  fiber  (indigestible  carbohydrate)  in  some  common 
foods. 


The  foods  which  contain  appreciable  amounts  of  cellulose,  such 
as  whole  grain  cereal  products,  vegetables  and  fruits,  are  ones 
which  are  described  as  providing  roughage  or  bulk.  This  bulk 
aids  in  the  formation  of  normal  stools.  Wheat  bran,  which  con¬ 
tains  about  9  per  cent  fiber,  or  cellulose,  is  used  frequently  to  pie- 
vent  or  relieve  constipation.  In  some  persons,  particularly  those  of 
advanced  years,  bran  has  an  irritating  effect  on  the  gastrointes¬ 
tinal  tract  and  should  be  avoided.  In  cases  of  gastric  or  duodenal 
ulcer  the  use  of  high-cellulose  foods  may  be  restiicted. 

Few  habitual  users  of  soft  drinks  realize  that  these  beverages 
contain  generous  amounts  of  sugar.  The  percentage  of  sugar  in 
soft  drinks  may  range  from  9  to  12  per  cent,  and  a  6-oz.  serving 
will  supply  about  18  Cm.  sugar,  equivalent  to  72  calories. 

For  convenience  in  planning  special  diets  of  specified  cai  o  y 
drate  content,  tables  are  available  which  have  foods  groupec  ac¬ 
cording  to  ranges  of  carbohydrate  contribution.  These  tables  may 
facilitate  the  planning  of  a  diet  and  are  useful  guides  for  diabetic 
paticms  to  allow  substitution  of  one  food  for  anorher  ,n  the  same 

carbohydrate  group. 
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Food 

Total 

Serving  Carbohydrate  Fiber 

Grams  Grams 

Asparagus 

1  cup,  175  Gm. 

6 

1 

Beans,  snap 

1  cup,  125  Gm. 

6 

1 

Beef,  rump 

90  Gm. 

0 

0 

Bread,  aver,  white 

1  slice,  23  Gm. 

12 

0.05 

Bread,  whole  wheat 

1  slice,  23  Gm. 

11 

0.3 

Cabbage 

1  cup,  170  Gm. 

9 

0.2 

Cheese,  cheddar 

30  Gm. 

0.6 

0 

Egg,  medium 

1 

0 

0 

Doughnut 

32  Gm. 

17 

0 

Milk,  whole 

1  cup,  244  Gm. 

12 

0 

Milk,  skim 

1  cup,  246  Gm. 

12 

0 

Orange,  medium 

215  Gm. 

24 

1 

Apple  pie 

1/7  pie,  135  Gm. 

53 

1 

Potatoes,  mashed 

1  cup,  195  Gm. 

33 

0.6 

The  occurrence  of  particular  carbohydrates  in  certain  foods 
was  noted  previously.  All  of  the  carbohydrate  in  milk  is  present  as 
lactose.  While  meat  is  generally  free  of  carbohydrate,  liver  of  any 
species  is  likely  to  contain  1.5  per  cent  glycogen.  Shellfish  have 
0.5  to  5  per  cent  glycogen.  Corn  syrup  is  a  concentrated  solution 
of  glucose,  prepared  by  hydrolysis  of  corn  starch.  The  principal 
carbohydrate  constituent  of  vegetables  is  starch,  but  some  vege¬ 
tables,  e.g.,  beets,  contain  significant  amounts  of  sugar.  Fruits  may 
contain  fructose,  glucose,  sucrose  and  starch.  In  the  ripening  of 
fruits  the  amount  of  sugar  increases,  generally  at  the  expense  of 
the  starch  content. 

UTILIZATION  OF  CARBOHYDRATES 

Carbohydrates  are  absorbed  from  the  small  intestine,  and  only 
monosaccharides  can  be  absorbed.  Disaccharides  and  polysaccha¬ 
rides  are  hydrolyzed  to  monosaccharides  during  digestion.  The 
hydrolysis  of  starch  may  be  commenced  before  the  food  is  eaten, 
since  cooking  does  have  this  effect.  While  saliva  is  generally 
t  lough t  of  as  an  aid  to  the  swallowing  of  food,  it  contains  an 
enzyme,  ptyalin,  which  can  partially  hydrolyze  starch  and  produce 
maltose.  The  action  of  ptyalin  continues  after  food  enters  the 
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stomach  until  the  food  is  acidified  by  mixture  with  gastric  juice. 
This  latter  digestive  fluid  is  devoid  of  carbohydrate-splitting 
enzymes.  In  the  small  intestine  the  digestion  of  carbohydrates  is 
continued  and  completed  by  several  enzymes.  Pancreatic  juice 
contains  amylopsin,  which  hydrolyses  starch  to  maltose,  and  2  other 
enzymes  which  split  lactose  and  sucrose  to  component  mono¬ 
saccharides.  Intestinal  juice  supplies  3  enzymes  to  bring  about  the 
hydrolysis  of  maltose,  sucrose  and  lactose.  Monosaccharides,  pres¬ 
ent  in  food  as  such  or  produced  by  digestion,  are  absorbed  mainly 
from  the  small  intestine,  although  some  may  be  absorbed  from  the 
stomach.  During  absorption  there  may  be  phosphorylation,  or  the 
monosaccharides  may  pass  unchanged  into  the  blood  stream. 

The  monosaccharides  are  carried  to  the  liver  by  the  portal  cir¬ 
culation.  Since  glucose  and  fructose  can  be  metabolized  directly 
in  the  liver,  these  sugars  are  phosphorylated,  and  glucose-6-phos- 
phate  or  fructose-6-phosphate  may  proceed  to  form  glycogen. 
Galactose  cannot  be  metabolized  and  is  converted  to  glucose.  Not 
only  can  glycogen  be  formed  in  the  liver  but  also  in  that  organ  it 
can  be  broken  down.  The  product  of  glycogen  breakdown  is  al¬ 
ways  glucose. 

The  sugar  normally  present  in  the  blood  is  glucose.  It  can  enter 
the  systemic  blood  during  the  absorption  of  carbohydrate;  conse¬ 
quently,  the  level  of  blood  sugar  rises.  In  the  postabsorptive  state 
the  blood  sugar  decreases,  since  glucose  is  withdrawn  by  the  tissues. 
Glucose  also  is  supplied  to  the  blood  from  the  liver,  produced  by 
the  breakdown  of  liver  glycogen  or  by  transformation  from  the 
glycerol  of  fats  or  from  amino  acids.  Glucose  is  the  form  in  which 
carbohydrate  is  transported;  glycogen  is  the  means  of  stoiage. 

While  glucose  can  be  used  directly  by  the  red  blood  cells,  in 
most  tissues  it  is  converted  to  glycogen  after  withdrawal  from  the 
blood.  Except  in  the  liver,  and  possibly  in  the  kidney,  glycogen  is 
broken  down,  not  to  glucose  but  to  pyruvic  and  lactic  acids  In  the 
muscles  the  breakdown  of  glycogen  is  a  source  of  energy  for  the 
recovery  phase  of  muscle  contraction.  The  energy  lor  the  initial  or 
contractile  phase  is  secured  from  the  breakdown  of  creatine  phos¬ 
phate  and  adenosine  phosphates.  For  the  restoration  of  these  sub¬ 
stances  to  the  state  in  which  they  existed  prior  to  the  contraction 
energy  is  needed,  and  this  is  obtained  by  the  oxidation  of  lactic 
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and  pyruvic  acids  produced  by  the  breakdown  of  muscle  glycogen. 
During  muscle  contraction  lactic  acid  may  enter  the  blood  stream 
from  which  it  may  be  withdrawn  by  the  liver  to  be  converted  into 

glycogen. 

Pyruvic  acid  is  an  important  intermediate  product  of  carbohy¬ 
drate  metabolism.  It  is  produced  by  the  breakdown  of  glycogen  in 
muscle  and  other  tissues  and  it  may  also  result  from  the  oxidation 
of  lactic  acid.  Pyruvic  acid  may  be  utilized  in  several  ways.  It  may 
enter  the  Krebs,  or  citric  acid,  cycle  and  be  a  source  of  energy. 
Pyruvic  acid  may  be  decarboxylated  to  produce  acetic  acid;  this 
reaction  requires  an  enzyme  for  which  the  B  vitamin,  thiamine,  is 
the  coenzyme.  Acetic  acid  can  be  used  by  the  body  to  form  fatty 
acids  and  cholesterol;  for  the  utilization  of  acetic  acid  another  B 
vitamin,  pantothenic  acid,  is  essential  as  a  coenzyme.  Acetic  acid 
may  also  be  oxidized.  A  third  use  for  pyruvic  acid  is  in  a  process 
known  as  transamination,  in  which  vitamin  B6  acts  as  coenzyme. 
Transamination  involves  the  transfer  of  an  amino  group  from  an 
amino  acid  to  a  keto  acid  such  as  pyruvic.  Transamination  makes 
possible  the  formation  of  an  amino  acid  different  from  that  used 
initially  in  the  reaction  and  it  can  also  make  available  a  residual 
substance  which  can  be  employed  for  energy  production.  Pyruvic 
acid  is  thus  important  for  direct  production  of  energy  by  the  Krebs 
cycle  and  as  an  intermediate  for  the  conversion  of  carbohydrate  to 
fat  and  for  the  interconvertibility  of  carbohydrate  and  protein. 

The  ultimate  fate  of  ingested  carbohydrate  is  the  provision  of 
energy.  Most  of  the  monosaccharide  content  of  the  blood  after 
absorption  is  withdrawn  by  the  liver  and  other  tissues  and  con¬ 
verted  to  glycogen.  The  glucose  produced  by  glycogen  breakdown 
in  the  liver  in  the  postabsorptive  state  is  transported  by  the  blood 
to  tissues  which  use  the  glucose  for  glycogen  formation.  The  body 
possesses  a  limited  capacity  for  the  storage  of  glycogen,  and  the 
total  amount  in  a  well-fed  man  is  not  likely  to  exceed  200  to  250 
Gm.,  equivalent  to  800  to  1,000  calories.  Capacity  for  the  storage  of 
fat  is  very  much  greater.  Carbohydrate  in  excess  of  current  need 
is  likely  to  be  converted  into  fat  for  storage.  The  production  of  fat 
from  carbohydrate  is  assumed  to  occur  in  the  liver  and,  as  has  been 
described  above,  pyruvic  acid  is  an  intermediary.  While  the  con¬ 
version  of  carbohydrate  to  fat  may  be  explained  most  easily  as 
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providing  a  means  to  store  potential  energy,  it  is  possible  that  this 
conversion  is  really  an  alternative  pathway  for  the  utilization  of 
carbohydrate.  The  fattening  of  farm  animals  is  dependent  on  this 
production  of  fat  from  carbohydrate.  This  process  must  be  remem¬ 
bered  in  discussions  of  the  production  and  the  treatment  of  obesity 
since  the  excess  fat,  characteristic  of  obesity,  can  be  derived  from 
ingested  carbohydrate  (and  protein)  as  well  as  from  ingested  fat. 

It  has  been  established  that  glycerol,  derived  from  fats  by 
hydrolysis,  can  be  used  for  the  formation  of  carbohydrate.  How¬ 
ever,  fatty  acids  cannot  so  serve.  The  production  of  carbohydrate 
from  protein  is  an  important,  normal  process.  As  much  as  58  per 
cent  of  ingested  protein  may  be  transformed  into  carbohydrate, 
and  this  must  be  kept  in  mind  in  devising  diets  for  diabetics. 
Not  all  of  the  amino  acids  can  be  utilized  for  sugar  formation. 
It  is  possible  that  the  remnant  of  a  glycogenic  amino  acid  after 
deamination  may  be  converted  to  glucose,  and  it  is  also  possible 
that  transamination  is  a  reaction  intermediate  between  carbo¬ 
hydrate  and  protein,  enabling  the  body  to  use  an  excess  of  one 
amino  acid  for  the  formation  of  another  amino  acid  and  the 
production  of  a  compound  which  can  be  converted  to  glucose. 
The  transformation  of  carbohydrate  to  fat,  of  glycerol  to  sugar, 
and  of  some  amino  acids  to  sugar,  illustrates  a  flexibility  which 
enables  the  body  to  utilize  nutrients  to  the  best  advantage. 

REQUIREMENTS  FOR  CARBOHYDRATES 

The  main  purpose  served  by  ingested  carbohydrate  is  the 
provision  of  energy,  although  small  amounts  may  be  employed 
for  the  formation  of  special  sugar-containing  compounds.  Health 
may  be  maintained  with  wide  fluctuations  in  the  proportions  of 
carbohydrate  in  the  food  intake.  Experimental  animals  can  live 
for  extended  periods  without  ingestion  of  carbohydrate  provided 
that  energy  needs  are  met  with  sufficient  protein,  or  protein  and 
fat.  This  is  made  possible  presumably  by  the  conversion  of 
protein  or  of  glycerol  to  carbohydrate.  Eskimos,  under  native  con¬ 
ditions,  have  been  able  to  survive  on  supplies  of  protein  an 
fat  with  little  carbohydrate.  On  the  other  hand,  human  experi¬ 
ence  has  shown  that  people  can  live  on  food  supplies  in  w  11c  1 
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80  per  cent  of  the  available  energy  was  furnished  by  carbo¬ 
hydrate. 

It  is  impossible  to  select  a  particular  amount  of  carbohydrate 
which  would  be  desirable  for  the  maintenance  of  health  in 
normal  persons.  The  proportion  of  total  energy  contributed  by 
carbohydrate  is  determined  in  practical  experience  by  economic 
factors. 

Cathcart  and  Murray1  showed  that  persons  in  Britain  used 
carbohydrate  in  inverse  relation  to  the  financial  income.  Low- 
income  families  were  found  to  obtain  from  60  to  65  per  cent  of 
total  calories  from  carbohydrate,  while  the  proportion  decreased 
to  about  50  per  cent  in  high-income  families.  A  similar  observa¬ 
tion  can  be  made  by  comparing  conditions  in  different  countries. 
In  Japan  the  percentage  of  total  calories  supplied  by  carbohy¬ 
drate  averages  80;  in  the  United  States  of  America  and  in 
Canada  carbohydrate  is  likely  to  contribute  about  50  per  cent  of 
the  total  calories.  This  inverse  relation  of  carbohydrate  consump¬ 
tion  to  financial  income  is  readily  explicable.  The  cheapest 
foods  (cereals  and  vegetables)  are  mainly  carbohydrate.  These 
are  the  foods  which  give  the  greatest  yield  of  calories  per  acre 
of  soil.  They  are  the  foods  which  must  be  used  in  greatest 
amount  in  countries  of  low  economic  status  and  with  a  small 
area  of  cultivable  soil  per  person.  Even  in  more  fortunate 
countries  the  use  of  carbohydrate  depends  upon  economic  con¬ 
ditions.  The  proportion  of  total  calories  supplied  by  carbohy¬ 
drate  has  decreased  in  the  United  States  of  America  and  in 
Canada  since  1900,  but  there  was  a  temporary  increase  during 
the  depression  of  the  1930’s  when  many  families  had  to  eat 
greater  amounts  of  bread  and  potatoes.  It  will  be  noted  in  a 
discussion  of  fat  requirements  that  a  decrease  in  the  use  of 
carbohydrate  is  accompanied  by,  or  caused  by,  an  increased  con¬ 
sumption  of  fat.  The  greater  use  of  fat,  obtained  from  meat  and 
airy  products,  is  made  possible  by  prosperity. 

While  it  has  been  noted  that  life  can  be  maintained  on  carbo- 
hydrate-free  regimens  or  with  little  carbohydrate,  there  is 
considerable  evidence  that  a  liberal  intake  of  carbohydrate  is 
advisable  for  more  than  economic  reasons.  Ingested  carbohy¬ 
drate  spares  protein,  making  possible  better  maintenance  of 
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tissue  protein  and,  indeed,  preventing  undue  loss  of  tissue  pro¬ 
tein.  An  obvious  explanation  of  this  protein-sparing  action  is 
that  if  calories  are  not  available  from  carbohydrate  (or  fat)  they 
must  be  supplied  by  protein.  While  this  is  true,  there  appear  to 
be  other  aspects  of  protein-sparing.  Simultaneous  ingestion  of 
carbohydrate  and  protein  provides  a  maximal  sparing  action,  and 
this  may  be  the  case  because  conditions  are  then  more  suitable 
for  protein  digestion  and  absorption.  Moreover,  carbohydrate 
metabolites  may  bring  about  the  synthesis  (by  transamination) 
of  some  necessary,  but  unavailable,  amino  acids.  Recent  studies 
have  shown  that  administration  of  protein  or  of  amino  acids  is 
not  as  effective  in  promoting  tissue  protein  maintenance  as  if 
carbohydrate  is  supplied  as  well.  High-protein  reducing  diets 
may  be  undesirable  for  much  the  same  reason. 

In  1885  Rosenfeld2  coined  a  now  familiar  sentence:  “Fat  burns 
in  the  flame  of  carbohydrates.”  During  the  metabolism  of  fatty 
acids,  ketone  compounds,  such  as  acetoacetic  acid,  ,are  formed. 
When  fat  metabolism  is  proceeding  normally  and  completely, 
these  ketones  do  not  accumulate  because  they  are  utilized 
rapidly.  In  the  absence  of  desirable  amounts  of  carbohydrate, 
the  ketone  substances  are  not  metabolized  effectively;  they  then 
accumulate,  and  the  condition  known  as  “ketosis”  develops. 
Abnormal  quantities  of  ketone  appear  in  the  urine.  Ketosis 
occurs  during  fasting  and  during  maintenance  on  a  food  con¬ 
taining  little  or  no  carbohydrate.  There  are  several  explanations 
of  ketosis;  the  most  likely,  at  present,  is  that  ketones  arising 
during  fat  metabolism  are  utilized  by  means  of  the  Krebs  citric 
acid  cycle.  This  metabolic  pathway  keeps  pace  with  the  amount 
of  carbohydrate  being  metabolized.  With  little  carbohydrate  the 
cycle  is  slowed  so  much  that  the  oxidation  of  ketone  bodies  is 
impaired,  leading  to  their  accumulation.  It  is  clear  that  ketosis 
does  not  occur  when  fairly  generous  amounts  of  carbohydrates 

are  being  ingested  and  utilized. 

To  provide  the  sparing  action  on  protein  and  the  fully  effec¬ 
tive  metabolism  of  fat  it  probably  is  advisable  that  we  eat  meals 
in  which  carbohydrate  will  be  determined  by  economic  circum¬ 
stances  and  the  availability  of  diverse  kinds  of  foods.  In  various 
parts  of  the  world  the  proportion  of  total  energy  furnished  by 
carbohydrate  is  found  to  range  from  50  to  80  per  cent. 
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CARBOHYDRATES  AND  DENTAL  CARIES 


There  is  no  completely  established  explanation  of  the  pro¬ 
duction  of  tooth  decay.  The  most  generally  accepted  theory  is 
that  advanced  by  Miller3  in  1890.  The  essence  of  this  theory  is 
that  dental  caries  are  produced  by  an  attack  on  the  teeth  by 
lactic  acid  produced  from  carbohydrate  by  acid-forming  bac¬ 
teria  present  in  the  mouth.  While  this  explanation  may  be 
correct,  it  does  not  account  satisfactorily  for  wide  fluctuations  in 
susceptibility  to  dental  caries  in  the  different  teeth  of  the  one 
individual  and  between  persons.  It  is  likely  that  the  nature  of 
tooth  structure,  heredity,  the  composition  of  saliva  and  other 
factors  play  roles  in  the  production  of  tooth  decay. 

However,  there  is  substantial  evidence  linking  the  generous 
use  of  certain  carbohydrates  to  the  occurrence  of  tooth  decay. 
Dental  caries  do  not  occur  in  experimental  animals  fed  a  carbo¬ 
hydrate-free  diet  or  when  a  carbohydrate  diet  is  administered  by 
stomach  tube.  The  cariogenic  effect  of  carbohydrates  depends  on 
physical  characteristics  rather  than  on  chemical  composition. 
Sucrose  in  solution  is  less  harmful  than  sucrose  in  sticky, 
adhesive  candy.  Finely  ground  rice  which  may  remain  close  to 
the  teeth  for  some  time  is  more  deleterious  than  sucrose. 

When  the  adverse  effects  of  carbohydrates  became  firmly 
established  there  was  a  wave  of  enthusiasm  to  urge  people  to 
live  on  low-carbohydrate  diets.  That  would  be  impracticable  for 


a  great  many  people  who  could  not  afford  generous  quantities 
of  foods  low  in  carbohydrate.  There  is  experimental  evidence 
that  cooked  porridge  is  more  conducive  to  dental  caries  than 
solutions  of  sucrose.  A  second  wave  of  enthusiasm  was  to  restrict 
the  use  of  candy,  soft  drinks  and  other  sugar-rich  foods.  Evi¬ 
dence  cited  above  would  hardly  justify  such  action.  However, 
there  are  other  objections  to  the  generous  use  of  such  foods’ 
enerally,  they  supply  no  nutrient  other  than  sugar  and  are 
extravagances  in  comparison  with  foods  which  combine  vita¬ 
mins,  minerals  and  protein  with  carbohydrate.  The  ingestion  of 
sugar  shortly  before  a  meal  depresses  appetite  and  may™ 
e  eating  of  nutritionally  desirable  food.  This  may  be  the  case 
particularly  With  children. .  Sticky  candy,  undesirable  from  the 
viewpoint  of  dental  caries,  is  less  useful  as  a  snack  than  fniit 
d  is  to  be  avoided  in  the  hour  preceding  a  meal. 
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SUMMARY 

The  principal  function  of  carbohydrate  is  to  provide  energy. 
Carbohydrate-rich  foods  are  generally  cheaper  than  those  low  in 
carbohydrate  but  high  in  protein  or  fat.  Consequently,  economic 
circumstances  tend  to  fix  the  proportion  of  carbohydrate  in  the 
food  intake.  Because  ingested  carbohydrate  spares  protein  and 
facilitates  the  utilization  of  fat,  there  is  justification  for  an  intake 
of  carbohydrate  sufficient  to  provide  50  per  cent  or  more  of  the 
total  energy  need.  It  is  not  possible  to  select  a  particular  amount 
which  would  be  optimal  for  health. 
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CHAPTER  5 


Fats 


Those  constituents  of  foods  or  of  body  tissues  which  are 
grouped  as  fats,  or  lipids,  are  essentially  composed  of  carbon, 
hydrogen  and  oxygen,  but  other  elements  may  be  present.  Many 
diverse  substances  are  included  in  the  group  because  of  two 
characteristics:  solubility  and  relation  to  fatty  acids.  The  fats  are 
insoluble  in  water  and  soluble  in  such  organic  liquids  as  ether, 
gasoline,  or  acetone.  Substances  classified  as  fats  either  contain 
fatty  acids  or  can  combine  with  them. 


CHEMISTRY 


On  the  basis  of  chemical  structure,  fats  are  classified  in  3  main 
groups: 

1.  Simple  fats,  esters  of  fatty  acids  with  glycerol  or  other 
alcohols.  Many  fats  contain  glycerol  as  the  alcohol.  The  waxes 
have  alcohols  more  complex  than  glycerol.  The  cholesterol  esters 
are  combinations  of  fatty  acids  with  cholesterol. 

2.  Compound  fats,  fatty  acids-glycerol  esters  combined  with 
some  other  chemical  structure.  The  phospholipids  contain  phos¬ 
phoric  acid  and  a  nitrogenous  base  in  addition  to  fatty  acids  and 
glycerol. 


3.  Derived  fats,  derivatives  of  the  first  two  kinds  of  fats  re¬ 
sulting  from  hydrolysis  of  the  fats.  In  this  group  are  included 
fatty  acids  and  higher  alcohols  like  cholesterol  and  other  sterols. 

There  are  a  number  of  naturally  occurring  fatty  acids.  Those 
which  contain  one  or  more  double  bonds  in  the  molecule  are 
described  as  “unsaturated”;  they  can  be  saturated  by  the  addi¬ 
tion  of  the  requisite  hydrogen  in  a  process  of  industrial  impor¬ 
tance  called  hydrogenation.  The  fatty  acids  which  are  found 
most  frequently  in  food  and  body  fats  are: 
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1  Butyric 
Caproic 
Palmitic 
Stearic 

(  Oleic 

Unsaturated  /  Linoleic 
[  Linolenic 

Since  glycerol  is  a  trihydric  alcohol  it  can  combine  with  3 
molecules  of  fatty  acid  per  molecule  of  glycerol.  A  pure  glyceride 
would  be  glycerol  esterified  with  3  groups  of  the  same  fatty  acid; 
an  example  is  tristearin.  Natural  fats  are  more  likely  to  be  mixed 
glycerides  in  which  2  or  3  different  fatty  acids  are  combined  with 
glycerol.  Moreover,  the  fat  portion  of  a  food  or  a  tissue  is  gen¬ 
erally  a  mixture  of  several  different  fats.  The  melting  point  of  a 
fat  depends  on  the  fatty  acids  which  are  present;  vegetable  oils, 
liquid  at  ordinary  temperature,  contain  a  preponderance  of  un¬ 
saturated  fatty  acids.  Hard  fats  contain  mostly  saturated  fatty 
acids.  A  vegetable  oil  can  be  converted  to  a  hard  fat  by  hydro¬ 
genating  the  unsaturated  fatty  acids. 

The  simple  and  the  compound  fats  can  be  hydrolyzed  by 
superheated  steam,  by  acids,  by  alkalis,  and  by  fat-splitting  en¬ 
zymes  given  the  name  “lipases.”  When  a  fat  is  hydrolyzed  with  an 
alkali,  glycerol  is  set  free,  and  an  alkaline  salt  or  soap  of  fatty 
acids  is  formed.  This  saponification  is  of  importance  commer¬ 
cially  for  soap  production  and  is  also  of  physiologic  interest. 

The  phospholipids  are  compound  fats  which  seive  essential 
functions  in  the  body.  They  are  formed  by  the  combination  of 
fatty  acids,  glycerol,  phosphoric  acid  and  a  nitrogenous  base. 
The  phospholipids  are  probably  present  in  all  living  cells  and 
they  function  as  transporting  agents  for  fatty  acids  in  the  body. 
There  are  3  kinds  of  phospholipids  of  physiologic  importance. 
Lecilkin  is  composed  of  1  molecule  of  glycerol,  2  of  fatty  acids, 
and  1  each  of  phosphoric  acid  and  choline  (a  nitrogenous  base). 
The  cephalins  are  mixtures  of  phospholipids  in  which  choline 
is  replaced  by  ethanolamine,  or  serine,  or  inositol.  Sphingo¬ 
myelins  do  not  contain  glycerol  but  are  composed  of  1  fatty 
acid,  1  phosphoric  acid  and  2  nitrogenous  bases. 


Occurrence  of  Fats  in  Foods 
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While  the  group  of  derived  fats  contains  a  number  of  sterols, 
cholesterol  is  the  most  important.  It  is  assumed  to  be  present  in 
all  animal  cells,  occurring  in  largest  concentration  in  the  adrenal 
cortex  and  in  the  corpora  lutea  of  the  ovaries.  It  is  always 
present  in  blood  and  in  bile  and  is  the  chief  constituent  of  gall¬ 
stones.  Cholesterol  combines  with  fatty  acids  to  form  cholesterol 
esters. 


OCCURRENCE  OF  FATS  IN  FOODS 

It  has  been  noted  that  the  fatty  portions  of  foods  are  mixtures 
of  a  number  of  different  fats.  There  are  special  nutritional 
aspects  for  some  of  these  constituents,  and  these  will  be  dis¬ 
cussed  presently.  Not  only  do  the  chemical  properties  of  food 
fats  vary  greatly  but  also  there  may  be  important  differences  in 
physical  properties.  If  the  fat  is  dispersed  in  small  drops  there 
is  thought  to  be  an  improvement  in  digestibility.  The  oils 
extracted  from  nuts  and  seeds  are  generally  liquid  at  20°  C.  and 
contain  a  much  greater  proportion  of  unsaturated  fatty  acids 
than  do  the  solid  fats  obtained  from  animal  tissues.  One  or 
more  of  the  highly  unsaturated  fatty  acids  are  of  special  interest. 

The  chief  sources  of  fat  in  the  United  States  and  in  Canada 
are:  jmlk,  butter,  cheese,  margarine,  meat,  fish  and  cooking  fats. 
Ordinarily,  people  are  conscious  of  ingesting  fat  when  they  eat 
butter  or  margarine  or  the  visible  fat  with  meat.  They  are  not 
conscious  of  “invisible”  fat.  Considerable  fat  in  meat  is  invisible 
A  pound  of  average  lean  beef,  from  which  all  visible  fat  has  been 
rimmed,  will  contain  about  8  per  cent  or  more  of  invisible  fat 
This  invisible  fat  is  important  to  tenderness  and  quality,  de¬ 
creasing  as  quality  lessens.  4  Y 

The  amount  of  fat  in  a  food  is  determined,  generally  bv 

the  food"  °f  “I6  Whh  ether  after  the  rem°val  of  water  from 
tracted  T"8'  EvaPora“°n  °f  ether  leaves  the  ex- 

acted  fat,  which  is  then  weighed.  This  “ether  extract”  mav 

ranging  from  85  to  100  per  cent  At  the  nth  *  contents 

p  cent.  At  the  other  extreme  are  most 
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fruits  and  vegetables  with  less  than  1  per  cent  fat.  Among  fruits 
there  are  two  exceptions:  avocados  and  ripe  olives  with  average 
fat  contents  of  25  and  19  per  cent  respectively.  Dry  soya  beans 
contain  about  18  per  cent  fat.  As  a  general  rule,  nuts  contain  a 
great  deal  (33  to  70%).  The  weight  of  fats  supplied  by  average 
servings  of  some  frequently  used  foods  are: 


Gm. 


Butter  or  margarine 
Cheddar  cheese 
Whole  milk 
Skim  milk 
Roast  beef 

Egg 

Doughnut 

White  bread  (no  spread) 


6 

9 

10 

0.2 

20 

6 

7 


DIGESTION  AND  ABSORPTION  OF  FATS 

The  digestion  of  fats  includes  both  physical  and  chemical 
changes  to  enable  absorption  to  take  place.  Emulsification  of 
food  fat  is  brought  about  by  the  combined  effects  of  body  heat, 
movement  of  food  in  the  stomach  and  the  duodenum,  and  emul¬ 
sifying  agents  in  the  food  and  in  digestive  juices.  Fats  are  par¬ 
tially  or  completely  hydrolyzed  by  lipases  in  digestive  secretions. 
Both  types  of  alterations  are  essential. 

The  saliva  does  not  contain  a  lipase,  and  no  change  in  fats 
occurs  in  the  mouth,  except  the  division  and  the  mixing  of  fat 


produced  by  chewing.  A  lipase  may  be  present  in  the  stomach 
but  is  not  active  under  the  acid  condition  normally  found  in 
that  organ  during  digestion.  Moreover,  there  is  considerable 
doubt  as  to  whether  this  lipase  is  secreted  by  the  stomach;  it 
mav  occur  in  the  stomach  as  a  result  of  regurgitation  from  the 
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from  the  stomach;  it  promotes  the  hydrolysis  of  fats,  and  it 
greatly  facilitates  fat  absorption.  These  functions  are  made  pos¬ 
sible  by  the  bile  salts.  These  compounds  lower  surface  tension 
and  thus  promote  the  emulsification  of  fat.  The  resultant  small 
droplets  are  attacked  more  easily  by  steapsin,  the  action  of  which 
is  also  accelerated  by  the  alkalinity  produced  by  the  bile  salts. 
These  bile  salts  stimulate  the  motility  of  the  walls  of  the  small 
intestine.  They  form  complexes  with  fatty  acids,  cholesterol  and 
fat-soluble  vitamins,  compounds  themselves  poorly  soluble  or 
insoluble  in  water  but  brought  into  solution  after  combination 
with  the  bile  salts.  This  change  in  solubility  makes  possible  the 
absorption  of  previously  insoluble  substances. 

The  mechanism  of  fat  absorption  has  not  been  determined 
precisely.  There  are  two  theories,  both  of  which  have  consider¬ 
able  supporting  evidence.  It  is  clear  that  no  absorption  of  fat 
takes  place  from  the  stomach,  and  that  all  absorption  is  from  die 
small  intestine.  The  older  theory,  referred  to  generally  as  the 
lipolytic  theory,  held  that  fats  were  hydrolyzed  completely,  or 
nearly  so.  During  absorption  fatty  acids  and  glycerol  are  recom¬ 
bined  to  form  fat.  Of  the  absorbed  fat,  about  70  per  cent  was 
thought  to  reach  the  systemic  blood  circulation  by  way  of  the 
lacteals  and  the  thoracic  duct.  The  balance  of  absorbed  fat  went 
to  the  liver  by  the  portal  circulation.  The  more  recent  Partition 


Theory  holds  that  fats  are  not  hydrolyzed  completely.  A  portion 
of  the  triglycerides  is  partially  degraded  to  monoglycerides  and 
diglycerides.  These  compounds  aid  in  the  emulsification  of  fats. 
A  great  deal  of  ingested  fat  remains  as  emulsified  triglyceride 
and  is  absorbed  as  such.  It  is  thought  that  fat  droplets  pass 
through  minute  canals  in  the  intestinal  walls  and  reach  the  lac¬ 
teals.  The  Partition  Theory  implies  that  a  considerable  portion 
of  ingested  fat  remains  unhydrolyzed,  is  absorbed  as  fat  and  is 
transported  to  the  fat  depots  of  the  body  by  way  of  the  lacteals, 
the  thoracic  duct  and  the  systemic  blood  flow.  Whatever  fatty 
acids  are  set  free  in  the  small  intestine  are  absorbed  and  carried 
to  the  liver  by  the  portal  circulation. 

The  digestibility  of  food  fats  shows  considerable  variation  and 
the  principal  factor  influencing  the  proportion  of  inge  ted  fa 
whtch  wtll  be  digested  and  absorbed  is  tie  melting  poLt  of  the 
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fat.  A  temperature  of  about  50°  C.  appears  to  be  critical.  Fats 
which  melt  below  50°  C.  are  digested  and  absorbed  much  more 
efficiently  than  fats  with  melting  points  above  that  temperature. 
There  is  also  some  variation  in  the  digestion  and  the  absorption 
of  fat  with  age.  Infants  under  1  year  of  age  do  not  absorb  fat 
efficiently,  and  this  is  also  true  of  aged  persons.  It  is  advisable  to 
limit  the  use  of  fried  and  fatty  foods  by  older  individuals  be¬ 
cause  of  digestive  difficulty.  The  digestibility  of  margarine  was  a 
matter  of  controversy,  but  Deuel1  obtained  convincing  evidence 
that  margarine  is  digested  and  absorbed  as  easily  and  as  thor¬ 
oughly  as  is  butter.  This  is  particularly  the  case  with  modern 
margarine  which  is  produced  to  have  a  melting  point  as  near  to 
that  of  butter  as  possible. 


SYNTHESIS  OF  FATS  IN  THE  BODY 

Liebig2  probably  was  the  first  scientist  to  point  out  that  fat 
could  be  produced  in  the  body  from  nonfat  sources.  As  early  as 
1852  Lawres  and  Gilbert3  studied  fat  synthesis  in  animals.  In 
1924,  Rapport  and  associates4  established  clearly  that  animals 
could  convert  carbohydrate  to  fat.  While  it  has  been  held  for 
some  years  that  amino  acids  could  be  used  for  fat  synthesis,  the 
first  convincing  proof  was  obtained  by  LongeneckerJ  in  1939. 
Now  it  is  established  that  surplus  amounts  of  carbohydrate,  in 
excess  of  current  energy  needs,  and  excess  quantities  of  ammo 
acids,  greater  than  are  required  at  the  moment  for  growth  or 
tissue  maintenance  or  energy,  can  be  changed  to  fat  for  storage. 
The  most  important  factor  in  deciding  the  amount  of  fat  which 
will  be  produced  is  the  energy  value  of  the  food  intake  in  rela¬ 
tion  to  energy  need.  In  the  case  of  carbohydrate,  at  least,  con¬ 
version  to  fat  may  be  a  normal  process  operating  even  when  the 
food  intake  is  limited.  Such  has  been  demonstrated  in  experi¬ 
mental  animals. 

Acetate  appears  to  be  the  key  intermediate  in  the  conversion 
of  carbohydrate  and  of  amino  acids  to  fatty  acids.  Several  of  the 
B  vitamins  may  be  involved.  Thiamine  is  a  coenzyme  for  the 
production  of  acetate  from  pyruvate,  and  pantothenic  acic  is  a 

coenzyme  in  the  utilization  of  acetate.  .  , 

Fatty  substances  other  than  fatty  acids  can  be  synthesized  fro 
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acetate.  It  is  certain  that  the  body  possesses  ability  to  produce 
cholesterol.  This  should  be  kept  in  mind  when  low-cholesterol 
diets  are  advocated  for  therapeutic  reasons. 

METABOLISM  AND  UTILIZATION  OF  FATS 

A  cursory  opinion  could  be  that  the  principal,  or  perhaps  the 
only,  function  of  fat  is  to  provide  energy  through  oxidation.  On 
this  simple  basis,  surplus  fat,  carbohydrate  and  protein  are 
stored  to  be  used  when  needed.  Fat  has  other  essential  functions. 
Fatty  materials  are  present  in  every  cell  in  every  tissue,  serving 
functional  purposes.  In  1914  Terroine0  proposed  that  body  fat 
could  be  considered  as  being  present  in  two  groups  or  types. 
The  element  constant  is  that  fat  which  serves  functional,  essen¬ 
tial  purposes  in  cells;  it  is  composed  mainly  of  phospholipids 
and  is  not  decreased  during  inanition  or  starvation.  The  element 
variable  is  the  stored  fat  which  is  being  kept  for  future  produc¬ 
tion  of  energy.  Stored  fat  decreases  during  inanition,  being  used 
to  meet  energy  needs.  Schoenheimer7  showed  that  the  stored  fat 
is  not  static,  and  that  there  is  continuous  disappearance  to  make 
way  for  new,  incoming  fat  if  the  individual  is  well  fed.  There  is 
one  other  use  lor  fat  which  should  be  noted — the  production  of 
milk  by  the  lactating  mother. 

According  to  the  Partition  Theory  of  fat  absorption,  fatty 
acids  liberated  during  digestion  are  brought  into  solution  by 
combining  with  bile  salts.  The  fatty  acid-bile  salt  complex  passes 
through  the  intestinal  wall  and  reaches  the  liver  by  way  of  the 
portal  circulation.  In  the  liver  the  complex  is  split,  and  the  bile 
salt  is  resecreted  in  bile.  According  to  the  same  theory  much 
ingested  fat  is  only  partially  hydrolyzed  or  perhaps  not  hydro- 
yze  at  all  and  is  absorbed  more  or  less  unchanged.  Whether 
this  is  true  or  whether  glycerol  and  fatty  acids  are  recombined 
dunng  absorption,  it  is  held  that  considerable  fat  enters  the  lac- 
teals  and  presently  reaches  the  systemic  circulation.  After  a  high- 

pended  fat  „h  I5  iS  tUrWd  due  to  the  P^sence  of  sus- 

Llea«  0,^0  h  rPPearS,mt°  the  f3t  deP°ts  or  the  tissues. 

and  cho IT  !  15  w,thdrawn  by  ^e  liver.  Phospholipids 

d  cholesterol  are  transported  in  the  blood  as  loose  combina- 

tons  wit  i  specific  plasma  proteins,  generally  called  lipoproteins. 
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The  liver  occupies  a  key  position  in  the  metabolism  of  fats. 
In  that  tissue  is  begun  the  complex  series  of  steps  by  which 
energy  is  released  from  fatty  acids.  It  is  held  that  this  initial  step 
is  the  partial  desaturation  of  saturated  fatty  acids,  coming  either 
directly  from  absorbed  fat,  or  from  the  fat  depots.  In  the  liver 
fatty  acids  not  immediately  needed  for  energy  are  formed  into 
phospholipids  by  the  addition  of  glycerol,  phosphoric  acid  and 
choline  (or  some  other  base).  If  the  formation  of  phospholipids 
is  impaired,  fatty  acids  accumulate  in  the  liver  and,  if  the 
accumulation  continues  for  some  time,  a  “fatty  liver”  is  pro¬ 
duced.  An  impairment  in  phospholipid  formation  can  result 
from  a  lack  of  choline,  and  this  substance  is  called  a  “lipotropic 
factor”  because  it  promotes  fat  transport  and  utilization. 

There  is  no  completely  established  explanation  of  the  oxida¬ 
tion  of  fatty  acids,  but  several  theories  have  been  suggested.  A 
widely  accepted  theory  is  that  of  beta  oxidation,  advanced  by 
Knoop8  in  1904.  According  to  this  theory  a  fatty  acid  is  oxidized 
at  the  beta  carbon  (the  second  from  the  carboxyl  group),  and 
a  2-carbon  fragment  is  split  off.  This  type  of  breakdown  con¬ 
tinues  until  the  4-carbon  compound,  butyric  acid,  is  reached. 
Butyric  acid  is  oxidized  to  acetoacetic  acid,  which  is  converted 
into  hydroxybutyric  acid.  This  breaks  down  to  acetic  acid  which 
is  oxidized  to  carbon  dioxide  and  water.  Acetoacetic  acid  and 
hydroxybutyric  acid,  together  with  the  acetone  which  can  be 
formed  from  them,  are  referred  to  as  “ketone  bodies.”  The 
breakdown  of  fatty  acids  proceeds  in  the  liver  up  to  the  foima- 
tion  of  these  ketone  bodies;  utilization  of  them  does  not  occur 
in  the  liver  but  in  tissues  other  than  liver.  Normally,  the  ketone 
bodies  are  transported  from  the  liver  to  various  parts  of  the 
body  for  further  oxidation.  According  to  a  modification  of  the 
beta  oxidation  theory,  acetic  acid  may  be  condensed  back  to 
acetoacetic  acid;  this  may  be  the  initial  step  in  the  synthesis  of 
fat  from  the  acetic  acid  produced  by  carbohydrate  breakdown. 

The  oxidation  of  ketone  bodies  is  dependent  upon  carbo¬ 
hydrate  being  available  for  concurrent  metabolism.  An  impair¬ 
ment  in  ketone  body  utilization  or  a  production  of  ketone  bodies 
in  excess  of  utilization  capacity  produces  an  accumulation  of  the 
ketone  bodies,  and  this  condition  is  known  as  “ketosis.  An  in- 
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crease  of  ketone  bodies  in  the  blood  leads  to  excietion  in  the 
urine  (ketonuria).  A  subnormal  supply  of  glycogen  in  the  livei 
leads  to  ketosis,  and  this  condition  may  be  seen  in  diabetes,  in 
starvation  and  in  persons  subsisting  on  a  food  supply  consisting 
of  protein  and  fat  with  little  or  no  carbohydrate. 

Glycerol,  set  free  by  hydrolysis  of  fats,  is  phosphorylated  and 
readily  converted  into  glucose.  Glycerol  is  metabolized  by  means 
of  the  normal  pathway  for  carbohydrate. 


Lipotropic  Factors 

It  has  been  noted  previously  that  a  customary  arrangement 
for  the  transport  of  fatty  acids  is  the  formation  of  phospholipids 
in  the  liver.  An  impairment  in  the  productio_n  of  phospholipids 
limits  fatty  acid  movement,  and  fat  accumulates  in  the  liver. 
Fatty  livers  can  be  produced  by  a  variety  of  causes  (starvation, 
pituitary  growth  hormone,  toxic  substances  like  carbon  tetra¬ 
chloride).  In  early  studies  on  the  physiology  of  insulin  it  was 
observed  that  depancreatized  dogs,  given  sufficient  insulin  to 
control  the  diabetes,  developed  fatty  livers.  The  amount  of  fat 
in  the  liver  could  be  kept  within  the  normal  range  by  feeding 
raw  pancreas  to  the  dogs.  The  first  explanation  was  that  raw 
pancreas  supplied  lipase  necessary  for  fat  digestion.  Flowever,  it 
was  shown  by  Hershey9  that  lecithin  was  as  effective  as  raw 
pancreas.  In  subsequent  studies  on  fatty  livers  produced  in  rats 
by  special  diets,  C.  H.  Best  and  associates10  found  that  choline, 
a  constituent  of  the  phospholipid  lecithin,  was  as  useful  as  leci¬ 
thin.  Choline  was  called  a  lipotropic  substance  because  it  pro¬ 
motes  the  transport  and  utilization  of  fats.  Choline  is  essential 
for  the  formation  of  phospholipids  in  the  liver  and  these  sub¬ 
stances  serve  as  vehicles  for  the  transport  of  fatty  acids  from  the 
liver  to  other  tissues.  Choline,  which  is  trimethyl-hydroxyethyl- 
ammonium  hydroxide,  can  be  synthesized  in  the  body  by  the 
utilization  of  methyl  groups  from  the  amino  acid,  methionine. 

high-protein  intake,  if  the  protein  contains  methionine, 
enables  the  body  to  produce  sufficient  choline  to  prevent  fat 
accumulation  in  the  liver.  The  ordinary  dietary  source  of  choline 
is  lecithin,  which  is  present  in  eggs  and  in  a  number  of  other 
oods.  Inositol  is  another  lipotropic  substance  because,  like  cho- 
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line,  it  serves  as  a  constituent  of  some  phospholipids,  particularly 
those  which  are  found  in  the  brain.  While  it  is  established  that 
choline,  inositol  and  methionine  (indirectly)  are  lipotropic  fac¬ 
tors  because  they  promote  the  synthesis  of  phospholipids,  there 
has  been  no  demonstration  of  therapeutic  value  for  humans.  In 
customary  food  intakes  in  North  America  and  in  Europe  ample 
supplies  of  these  substances  are  obtained  from  meat,  eggs  and 
cereal  products.  The  disease,  kwashiorkor,  which  is  endemic  in 
Africa,  is  characterized  by  the  presence  of  a  fatty  liver.  This  is 
due  to  protein  deficiency,  possibly  of  protein  containing  methio¬ 
nine.  Although  a  deficiency  in  the  supply  of  methionine  or  an 
impairment  in  its  utilization  may  be  involved  in  the  develop¬ 
ment  of  kwashiorkor,  this  substance  has  not  been  found  to  be  of 
therapeutic  value  in  treating  the  disease. 

Essential  Fatty  Acids 

Although  the  synthesis  of  fat  from  carbohydrate  and  protein 
is  a  normal  process  in  the  animal  body,  there  is  a  limit  to  the 
kinds  of  fatty  acids  which  can  be  produced.  Fat  synthesized  in 
the  body  consists  largely  of  saturated,  or  nearly  saturated,  fatty 
acids.  In  1929  McAmis,  Anderson,  and  Mendel11  reported  that 
the  weight  increase  of  young  rats  being  maintained  on  a  fat-free 
diet  could  be  improved  by  adding  a  small  amount  of  fat  to  the 
food.  In  the  same  year,  Burr  and  Burr12  described  a  characteris¬ 
tic  syndrome  which  appeared  in  rats  fed  a  diet  containing  ample 
protein,  carbohydrate,  vitamins  and  mineral  elements  but  devoid 
of  fat.  The  syndrome  consisted  of  a  failure  to  gain  weight  (or 
even  a  loss  in  body  weight),  scaly  skin,  necrosis  of  the  tail,  kidney 
damage  with  blood  in  the  urine,  and  death.  Burr  and  Burr 
found  that  a  supply  of  certain  highly  unsaturated  fatty  acids 
would  prevent  the  syndrome,  or  alleviate  it  after  it  had  devel¬ 
oped.  Three  fatty  acids  were  found  to  be  effective:  linoleic,  lino- 
lenic  and  arachidonic  acids.  They  were  called  “essential  fatty 
acids’’  because  they  had  to  be  supplied  in  the  food  intake  and 
apparently  could  not  be  synthesized  in  the  body,  as  more  satu¬ 
rated  fatty  acids  could  be  produced.  Linoleic  and  linolenic  acids 
occur  naturally  in  vegetable  oils,  such  as  wheat  germ  oil  linseed 
oil,  cottonseed  oil,  while  arachidonic  acid  is  found  exclusively 
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in  animal  fats.  It  is  likely  that  only  linoleic  acid  is  actually  essen¬ 
tial;  the  other  two  fatty  acids  may  spare  a  dietary  need  for 
linoleic  acid  by  being  converted  to  that  fatty  acid. 

Various  functions  have  been  ascribed  to  these  highly  unsatu¬ 
rated  fatty  acids.  A  deficiency  of  them  does  cause  a  skin  lesion  in 
several  animal  species.  Engel13  has  claimed  that  choline  exei  ts  its 
lipotropic  action  when  linoleic  acid  is  available.  Bloor14  pointed 
out  that  the  fatty  acids  which  combine  with  cholesterol  to  form 
the  cholesterol  esters  which  serve  in  fat  transport  are  largely 
highly  unsaturated  ones.  Deuel  and  associates1'’  have  demon¬ 
strated  that  a  deficiency  of  essential  fatty  acids  interferes  with 
the  transport  and  the  metabolism  of  cholesterol. 

There  is  some  doubt  as  to  whether  the  essential  fatty  acids  are 
of  importance  in  human  nutrition.  Hansen16  has  concluded  that 
eczema  in  infants  is  treated  effectively  by  administering  the 
highly  unsaturated  fatty  acids.  An  attempt  to  produce  essential 
fatty  acid  deficiency  in  a  human  adult  fed  a  fat-free  diet  was  not 
successful. 

A  condition  markedly  resembling  the  syndrome  of  essential  fatty 
acid  deficiency  can  be  produced  in  rats  by  depriving  them  of 
vitamin  B6.  A  hi^Ii-fat  food  intake  will  delay  the  appearance  of 
the  skin  lesmtf'caused  by  the  vitamin  deficiency,  and  a  supply  of 
vitamin  B6  has  a  similar  effect  in  animals  deprived  of  the  essential 
fatty  acids.  An  interesting  suggestion  regarding  the  interrelation 
of  the  essential  fatty  acids  and  vitamin  B6  was  made  by  Witten 
and  Holman.17  They  concluded  that  arachidonic  acid  was  of 
prime  importance  in  body  tissues  and  that  linolenic  and  linoleic 
acids  are  converted  to  arachidonic  acid  by  vitamin  B6.  This  alters 
the  concept  held  for  some  years  tlttt  linoleic  acid  is  the  really  essen¬ 
tial  fatty  acid  and  places  it  in  the  role  of  precursor  to  arachidonic 
acid. 

Functions  of  Cholesterol 

In  recent  years  much  attention  has  been  given  to  the  relation 
o  cholesterol  to  atherosclerosis  and  coronary  disease,  so  much  so 
that  essential  functions  of  cholesterol  have  been  minimized  or 
forgotten  In  popular  articles  cholesterol  has  been  represented  as 
harmful.  Cholesterol  serves  a  number  of  important,  if  not  essen¬ 
tial,  purposes.  By  combining  with  fatty  acids,  particularly  unsatu- 
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lated  ones,  cholesterol  forms  esters  which  are  vehicles  by  which 
some  fatty  acids  may  be  absorbed  from  the  small  intestine  and  by 
which  fatty  acids  are  transported  in  the  blood.  Cholesterol  is  a 
precursor  for  several  essential  compounds  in  the  body.  From 
cholesterol  the  bile  salts  are  formed.  Cholesterol,  present  in  the 
skin,  can  be  converted  into  vitamin  D  when  the  skin  is  exposed 
to  sunlight  or  some  other  source  of  ultraviolet  radiation.  It  has 
been  established  that  cholesterol  is  the  precursor  of  the  sex  hor¬ 
mone,  pregnanediol.  There  are  substantial  reasons  for  concluding 
that  other  sex  hormones  and  the  steroid  hormones  of  the  adrenal 
cortex,  in  all  probability,  are  produced  from  cholesterol.  The 
essential  functions  of  cholesterol  explain  why  that  substance  is 
synthesized  in  the  body  from  acetate  and  why  cholesterol  concen¬ 
tration  in  body  tissues  is  kept  fairly  constant.  While  the  liver  is 
probably  the  main  site  of  cholesterol  synthesis,  the  production  can 
take  place  in  such  diverse  tissues  as  the  skin,  the  adrenal  cortex, 
the  kidney  and  even  the  wall  of  the  aorta.  Tissue  concentration  of 
cholesterol  is  kept  reasonably  constant  by  balancing  the  quantity 
of  cholesterol  absorbed  plus  that  synthesized  against  the  sum  of 
cholesterol  metabolized,  excreted  and  used  for  the  production  of 
hormones  and  other  compounds. 

CHOLESTEROL,  FAT  AND  CORONARY  DISEASE 

A  strong  interest  in  coronary  and  heart  disease  has  developed  in 
recent  years  because  it  is  a  principal  cause  of  death  in  adults  past 
the  age  of  30  in  the  United  States,  Canada  and  some  othei  conn 
tries.  There  is  a  supposition  that  the  incidence  of  deaths  from 
heart  disease  has  increased  in  recent  years.  Simultaneously,  life 
expectancy  has  lengthened,  and  part  of  the  increased  occurrence 
of  deaths  from  heart  disease  may  be  the  result  of  people  surviving 
to  an  age  in  which  such  cause  of  death  is  more  probable. 

Arteriosclerosis  is  a  condition  marked  by  a  loss  of  elasticity,  a 
thickening  and  a  hardening  of  the  walls  of  the  arteries.  Athero¬ 
sclerosis  is  a  form  of  arteriosclerosis  in  which  the  intima  of  the 
vessel  wall  is  chiefly  involved,  and  with  atheromatous  masses  in 
the  lumen  of  the  vessels.  These  masses  are  responsible  for  the  name, 
since  the  rootword,  athere,  means  crushed  grain  or  porridge. 
Atherosclerosis  occurs  mainly  in  the  aorta  and  its  branches.  ie 
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intima  is  thickened  and  shows  fatty  degeneration.  In  1907 
Aschoff18  demonstrated  that  the  diseased  portion  of  the  aorta  (or 
other  arteries)  contains  a  great  concentration  of  cholesterol,  and 
6  years  later  Anitschkow19  produced  atherosclerosis  in  rabbits  by 
feeding  cholesterol  to  them. 

Because  considerable  study  has  been  made  of  experimental 
atherosclerosis  produced  in  rabbits  by  including  appreciable 
cholesterol  in  the  food  intake,  attention  has  been  focused  on  the 
relation  of  cholesterol  to  human  heart  disease.  It  is  doubtful  if  the 
experimental  condition  resembles  that  found  in  humans.  The 
rabbit  was  an  unfortunate  choice,  since  it  is  a  herbivorous  species, 
accustomed  to  living  on  food  low  in  cholesterol.  Largely  as  a  con¬ 
sequence  of  the  work  on  rabbits,  there  developed  the  supposition 
that  an  abnormal  level  of  cholesterol  in  the  blood  was  a  prelude 
to  the  laying  down  of  the  cholesterol-rich  plaques  in  the  blood 
vessels.  It  was  assumed  that  a  low-cholesterol  diet  would  keep  the 
blood  level  down  and  might  prevent  atherosclerosis.  Low-choles¬ 
terol  diets  became  fashionable,  and  people  were  advised  to  restrict 
the  use  of  eggs  and  other  cholesterol-rich  foods.  The  capacity  of 
the  body  to  synthesize  cholesterol  was  overlooked. 


Consicleiable  cholesterol  is  found  in  the  blood  plasma  of  even 
normal  persons.  Boyd20  found  that  an  average  amount  in  blood 
from  healthy  young  women  in  a  fasting  state  was  162  mg.  per  100 
ml.  of  plasma.  Of  the  total,  70  per  cent  was  combined  with  fatty 
acids  as  cholesterol  esters.  About  one  fifth  of  the  total  fatty  acids 
in  the  plasma  was  found  to  be  combined  with  cholesterol;  unsatu¬ 
rated  fatty  acids  are  transported  in  the  circulation  as  cholesterol 
esters.  Keys  and  associates21  have  shown  that  the  concentration  of 
plasma  cholesterol  increases  with  age  and  also  is  correlated  with 
the  amount  of  fat  in  the  food  intake.  While  a  severe  restriction  in 
cholesterol  intake  can  induce  a  decrease  in  plasma  cholesterol 
moderate  reduction  in  intake  has  little  effect. 

Gofman  el  al .«  observed  the  presence  in  blood  of  large  macro- 
mo  ecu  es  of  lipoprotein  and  found  that  the  quantity  of  the  macro 
molecules  was  abnormal  in  persons  with  coronary  disease  He  has 
Clvocated  that  the  level  of  the  macromolecules  be  used  to  ascer 
tain  the  probability  of  heart  disease. 
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A  relation  between  the  proportion  of  food  energy  supplied  by 
fat  and  the  incidence  of  heart  disease  has  been  claimed  by  Keys.23 
In  the  United  States  and  Canada  fat  provides  from  40  to  45  per 
cent  of  the  total  calories;  in  these  countries  there  is  a  high  inci¬ 
dence  of  heart  disease.  In  Japan  fat  supplies  about  10  per  cent  of 
the  total  calories,  and  heart  disease  is  said  to  be  much  less  frequent 
than  in  the  United  States.  Snedecor24  has  pointed  out  the  danger 
of  assuming  a  common  cause  for  two  coincident  events.  However, 
there  is  evidence  from  animal  experiments  that  the  total  amount 
of  cholesterol  in  the  body  keeps  pace  with  the  quantity  of  fat  in 
the  body.  If  this  were  true  for  humans  there  might  be  an  increased 
amount  of  cholesterol  in  obese  individuals,  and  such  persons  are 
more  liable  to  heart  disease  than  those  of  normal  or  subnormal 
weight.  More  recently,  fat  of  animal  origin  has  been  implicated  as 
a  possible  cause  of  atherosclerosis.  Beveridge  et  al.25  found  that 
human  subjects  fed  animal  fat  had  a  greater  concentration  of 
blood  lipids  than  those  given  an  equivalent  amount  of  vegetable 
fat. 

A  seemingly  different  factor  in  the  production  of  atherosclerosis 
has  been  advanced  by  Rinehart  and  Greenberg,26  who  have  pro¬ 
duced  the  disease  in  monkeys  by  rendering  them  deficient  in  vita¬ 
min  B6.  It  will  be  remembered  that  there  is  an  apparent  connec¬ 
tion  between  this  vitamin  and  the  metabolism  of  the  essential 
fatty  acids.  Deuel  and  associates15  have  reported  that  a  deficiency 
of  these  highly  unsaturated  fatty  acids  impairs  the  metabolism  of 
cholesterol.  It  is  possible  that  a  lack  of  vitamin  B0  alters  the 
utilization  of  unsaturated  fatty  acids  which,  in  turn,  interfere 
with  cholesterol  metabolism. 


A  clear  picture  of  the  cause  of  atherosclerosis  and  of  the  conse¬ 
quent  coronary  disease  is  not  available.  There  is  no  doubt  that  a 
deposition  of  cholesterol  in  the  artery  close  to  the  arterial  wall,  or 
in  it,  is  of  great  significance.  Abnormal  blood  cholesterol,  choles¬ 
terol-rich  food  intakes,  high  intakes  of  fat,  and  vitamin  B0  defi¬ 
ciency  have  been  implicated  as  factors  conducive  to  the  pathologic 
deposition  of  cholesterol  in  the  arteries.  Evidence  for  the  validity 
of  any  of  these  factors  in  relation  to  the  human  disease  is  incon¬ 
clusive  at  present. 
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REQUIREMENTS  FOR  FAT 

In  the  discussion  of  carbohydrate  intakes  it  was  pointed  out  that 
the  use  of  carbohydrate  varies  as  the  amount  of  money  available 
for  the  purchase  of  food  and  is  also  dependent  on  availability  of 
foods.  The  intake  of  fat  varies  directly  with  economic  prosperity, 
if  a  variety  of  foods  is  in  good  supply.  In  the  United  States  and 
Canada  the  proportion  of  food  energy  furnished  by  fat  has  in¬ 
creased  since  1900  so  that  people  now  use  sufficient  fat  to  provide 
from  40  to  45  per  cent  of  the  total  calories.  Such  fat  consumption 
is  a  result  of  economic  prosperity  and  the  availability  of  generous 
supplies  of  fats.  In  less  fortunate  countries  the  proportion  of  total 
calories  from  fat  may  drop  to  about  10  per  cent,  as  in  Japan  and 
other  Asiatic  areas.  If  people  have  sufficient  money  and  if  supply 
conditions  permit,  expensive  foods,  like  meat,  which  contain  con¬ 
siderable  fat,  are  eaten  liberally. 

Investigations  on  the  relation  of  dietary  lipids  to  the  develop¬ 
ment  of  atherosclerosis  have  focused  attention  on  the  possible 
harm  accruing  from  a  generous  intake  of  fat.  Increasing  emphasis 
is  being  placed  on  a  restriction  in  fat  intake.  Low-fat  diets  may 
ha\e  therapeutic  usefulness,  but  they  should  not  be  advocated  sim¬ 
ply  because  they  are  fashionable.  There  is  a  possibility  that  harm 
may  result  from  the  use  of  a  diet  which  is  very  low  in  fat  because 
it  does  not  supply  adequate  energy.  Further  sound  evidence  will 

be  necessary  before  general  advice  can  be  given  safely  to  restrict 
the  use  of  fat. 

Theie  are  a  number  of  reasons  for  concluding  that  the  daily 
food  supply  should  contain  appreciable  fat  but  perhaps  not  as 
much  as  is  currently  consumed  in  prosperous  countries.  The  rea¬ 
sons  for  this  conclusion  are: 


1.  The  time  required  for  the  digestion  of  a  meal  is  lengthened 
■f  considerable  fat  is  present.  This  slower  digestion,  or  at  least  pro- 

delaSvs  ,°hneln  “7  dUring  Whidl  f°°d  is  Presem  in  the  stomach, 

'  f  tlT1  °f  h|Unger-  The  feeli"S  satisfaction  is  extended 

indeed  in  n  ’7  *  mCaI  contains  fat-  In  institutions  and, 

IfactoHn  PeP  !tl0ta''  deIay  in  hunger  after  a  meal  "ay  be 
factor  in  preventing  discontent. 

2.  Weight  for  weight,  fat  provides  more  than  twice  as  much 
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energy  as  do  carbohydrate  and  protein.  The  presence  of  a  fair 
amount  of  fat  lessens  the  bulk  of  food  required  to  supply  a  quota 
of  energy.  The  difference  in  bulk  is  commonly  greater  than  would 
be  assumed  from  the  calorie-gram  equivalents.  Fat  may  be  taken 
without  admixture,  while  carbohydrate  and  protein  may  be  mixed 
with  a  considerable  amount  of  water.  This  can  be  illustrated  easily: 
an  average  slice  of  bread  furnishes  62  calories;  butter  spread  in  a 
thin  layer  on  the  bread  will  add  50  calories  with  negligible  increase 
in  either  bulk  or  weight.  The  British  physiologist,  Starling,27 
stated  that  the  human  alimentary  tract  was  designed  for  meals 
which  contained  fat  to  provide  about  25  per  cent  of  the  total 
energy.  It  has  been  found  repeatedly  that  an  average  individual 
deprived  of  fat  does  not  increase  his  food  intake  to  furnish  equiva¬ 
lent  energy  and  may  exist  on  a  lower  metabolic  level.  This  should 
be  kept  in  mind  in  the  use  of  low-fat  diets. 

3.  While  there  is  little  evidence  to  prove  that  the  highly  un¬ 
saturated  fatty  acids  are  dietary  essentials  for  humans,  animal  ex¬ 
periments  suggest  that  we  should  ensure  an  intake  of  these  fatty 
acids.  That  may  not  be  possible  with  a  low-fat  regimen. 

4.  Food  fats  are  vehicles  in  which  the  fat-soluble  vitamins  (A, 
D,  E  and  K)  enter  the  body.  A  low-fat  diet  may  cause  the  supplies 


of  these  vitamins  to  be  too  small. 

5.  Since  the  B  vitamin,  thiamine,  is  required  for  the  metabolism 
of  carbohydrate  and  perhaps  for  that  of  protein,  the  requirement 
for  the  vitamin  varies  directly  with  the  proportion  of  carbohydi  ate- 
protein  calories.  Dietary  fat  spares  the  need  for  thiamine  because 
the  vitamin  is  not  needed  for  fat  utilization.  The  thiamine-defi¬ 
ciency  disease,  beriberi,  has  been  most  prevalent  in  areas  in  which 
fat  intakes  have  been  low. 

These  reasons  indicate  that  a  moderate  amount  of  fat  in  the 
food  intake  is  desirable  and  may  be  essential.  Sufficient  fat  to  pro¬ 
vide  from  20  to  25  per  cent  of  the  total  calories  would  be  enough 
to  meet  the  needs  outlined  above  and  would  be  about  half  the 
present  average  use  in  the  United  States  and  in  Canada  A  reduc¬ 
tion  in  fat  intake  from  the  40  per  cent  total  calorie  level  to  about 
25  per  cent  of  the  total  calories  might  be  beneficial  from  the  view¬ 
point  of  the  prevention  of  coronary  disease.  In  the  1953  re^1S1^ 
of  Recommended  Dietary  Allowances,  the  United  States  Food  and 
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Nutrition  Board  stated  that  there  was  not  sufficient  evidence  on 
hand  to  select  a  particular  level  of  fat  intake  as  being  desirable. 
In  the  Canadian  Dietary  Standard  the  statement  is  made,  “It 
would  appear  desirable  to  have  25  per  cent  or  more  of  the  total 
calories  of  the  diet  from  fats.”  A  reduction  to  that  level  would 
require  a  marked  change  in  the  food  habits  of  most  Americans  and 
Canadians.  An  increase  to  the  suggested  level  in  Asia  would  neces¬ 
sitate  the  greater  availability  of  food  and  of  money. 
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CHAPTER  6 


Proteins  and  Amino  Acids 


- — ^ - 

The  proteins  are  highly  complex  compounds,  always  containing 
carbon,  hydrogen,  oxygen  and  nitrogen.  In  addition  to  these  ele¬ 
ments,  certain  proteins  may  contain  phosphorus,  sulfur,  iron  and 
other  elements.  Proteins  are  the  chief  constituents,  other  than 
water,  of  all  the  soft  tissues  of  the  body.  Every  cell  contains  pro¬ 
tein.  This  is  the  explanation  of  the  name  coined  by  Mulder  in 
1839;  Protein  is  derived  from  a  Greek  root  meaning  primary  or 
first;  Mulder  thought  proteins  to  be  substances  of  primary  value. 

While  other  structures  may  be  present  in  the  protein  molecule, 
the  essential  structural  components  are  amino  acids.  Some  25 
amino  acids  are  used  in  the  formation  of  naturally  occurring  pro¬ 
teins,  all  of  these  amino  acids  have  the  amino  group  attached  to 
the  alpha  carbon. 


CHEMICAL  PROPERTIES 

For  convenience  proteins  are  classified  in  3  main  groups: 

1.  Simple  proteins,  composed  of  amino  acids  only.  In  this  group 
occur  the  albumins  found  in  egg  white,  in  blood  serum  and  in 
milk  This  group  contains  also  gliadin  of  wheat,  zein  of  corn,  and 
the  globulins  of  blood  and  egg  white. 

2.  Conjugated  proteins,  compounds  of  protein  and  another 
nonprotein,  molecule.  This  other  substance  may  be  a  carbohydrate, 
L!  ’  Phosphoric  acid  or  the  pigment  hematin.  The  nutritionally 

a  e  protein  in  milk,  casein,  is  a  compound  of  a  protein  with 
Ph-phonc  acid.  The  vite.lin  of  egg  yolk  L  also  a  pljphop™  n 

Lipoproteins  (proteins  united  with  fats)  are  believed  to  he  tram 
port  agents  for  fats  in  the  blood. 

3.  Derived  proteins,  are  products  formed  from  protein  by  partial 
degradation  accomplished  by  heat  or  by  hydrolysis.  Primal 
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tered  by  heat  or  by  acid  so  that  solubility  in  water  is  decreased, 
are  said  to  be  denatured  and  are  then  considered  as  belonging  to 
this  class.  During  hydrolysis,  amino  acids  are  split  from  proteins 
in  a  step-wise  manner.  The  residues  resulting  from  the  early  stages 
of  hydrolysis  are  called  proteoses;  more  degraded  residues  are 
peptides. 

Some  21  or  22  amino  acids  may  occur  in  food  and  in  body  pro¬ 
teins.  The  amino  acids  range  in  complexity  from  the  simple  com¬ 
pound,  glycine,  to  more  elaborate  ones,  such  as,  tryptophan,  argi¬ 
nine,  or  histidine.  A  wide  variety  of  proteins  occur  naturally,  and 
these  differ  from  each  other  in  the  assortment  of  amino  acids  which 
have  been  used  to  construct  the  protein.  Not  only  is  there  variation 
in  the  number  of  the  different  amino  acids  which  may  be  present, 
but  also  the  proportions  of  the  contained  amino  acids  are  different. 
In  addition,  the  order  of  the  amino  acids  in  the  molecule  may 
differ. 

The  chemical  reaction  by  which  amino  acids  unite  is  believed, 
generally,  to  be  that  of  peptide  linkage,  an  explanation  advanced 
independently  by  Emil  Fischer  and  by  Hofmeister  in  1900. 
Peptide  linkage  means  the  condensation  of  two  amino  acids 
through  the  union  of  the  amino  group  of  one  acid  to  the  carboxyl 
group  of  a  second.  The  compound  formed  from  two  amino  acids 
is  called  a  dipeptide.  Similarly,  there  may  be.  tripeptides,  tetra- 
peptides  and  so  on.  Polypeptides  result  from  the  union  of  a  num¬ 
ber  of  amino  acids,  and  proteins  are  complex  polypeptides. 

DIGESTION  AND  ABSORPTION 

While  there  is  evidence  that  large  molecules  of  polypeptides,  or 
even  proteins,  may  be  absorbed  at  times,  in  general  food  proteins 
must  be  converted  to  amino  acids  for  absorption.  The  degradation 
of  proteins  is  brought  about  by  hydrolytic  enzymes  secreted  into 
the  stomach  and  the  small  intestine.  The  enzymatic  hydrolysis  is 
aided  by  a  number  of  influences:  (1)  the  action  of  the  heat  o 
cooking  which  improves  digestibility  of  some  proteins  and  softens 
fibers  in  meats;  (2)  division  of  the  food  by  chewing;  (3)  acidity 
in  the  stomach  and  alkalinity  in  the  small  intestine;  (4)  churning 
movements  of  food  in  the  stomach  and  in  the  small  intestine. 

The  saliva,  while  being  of  service  in  moistening  food,  does  not 
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contain  a  proteolytic  enzyme.  The  pepsin  of  the  gastric  juice  is  the 
first  such  enzyme  which  comes  in  contact  with  ingested  food.  Pep¬ 
sin  is  most  active  in  an  acid  medium  and  this  is  brought  about 
normally  by  the  hydrochloric  acid  of  the  gastric  juice.  Several 
proteolytic  enzymes  are  secreted  into  the  small  intestine.  Pan¬ 
creatic  juice  contains  two  precursors  of  proteolytic  enzymes;  these 
precursors  are  changed  into  active  enzymes  by  enterokinase,  se¬ 
creted  by  the  intestinal  mucosa.  Trypsinogen  from  the  pancreatic 
juice  becomes  the  enzyme,  trypsin,  and  chymotrypsinogen  becomes 
chymotrypsin.  The  pancreatic  juice  also  contains  erepsin  (or, 
carboxy-peptidase) .  The  digestive  fluid  secreted  by  the  intestinal 
mucosa  furnishes,  in  addition  to  enterokinase,  an  amino-peptidase 
and  a  dipeptidase. 

The  liberation  of  amino  acids  does  not  take  place  in  one  opera¬ 
tion,  and  it  is  helpful  to  think  of  protein  digestion  as  an  integrated 
sequence  of  steps,  the  ultimate  result  being  the  complete  hydrolysis 
of  food  proteins.  An  older  explanation  of  protein  digestion  was 
that  proteins  are  initially  attacked  by  pepsin  and  then  by  trypsin 
and  erepsin.  These  proteases  were  assumed  to  split  off  one  or  more 
amino  acids  from  the  proteins,  leaving  simpler  structures  which 
were  hydrolyzed  by  peptidases.  This  explanation  has  been  modi¬ 
fied  by  observations  that  pepsin  and  trypsin  are  somewhat  specific 
with  regard  to  the  peptide  linkages  which  they  disrupt.  Pepsin 
may  be  concerned  with  the  linkages  of  some  particular  amino  acids 
and  not  with  linkages  of  other  amino  acids.  It  is  now  assumed  that 
the  products  of  the  action  of  pepsin,  trypsin  and  erepsin  are  differ- 
em  because  of  specific  hydrolysis  of  particular  peptide  linkages. 

t  oug  a  clear  picture  of  protein  digestion  cannot  be  presented, 

it  is  certain  that  food  proteins  are  hydrolyzed  step-wise  and  finally 
to  amino  acids.  7 

Proteins  and  polypeptides,  on  occasion,  may  be  absorbed  and 
,  's  “,e  «™n>°nly  held  explanation  of  sensitivity  to  particular 
food  proteins  and  of  food  allergy.  Absorbed  proteins  and  peptides 
cannot  be  unbred  for  the  synthesis  of  tissue  protein  and  Tre  pres- 

ges^rarrnot'TTd1'  ”7  inCOmP,ete  Produc‘s  of  protein  di¬ 
gestion  are  not  absorbed  and  are  moved  into  the  large  intestine 
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It  was  held  formerly  that  amino  acids  are  absorbed  by  simple 
diffusion  through  the  wall  of  the  small  intestine,  principally  in 
the  upper  portion.  It  is  now  thought  that  there  is  some  relativity 
in  absorption  and  that  the  presence  of  one  amino  acid  may  stimu¬ 
late  or  depress  the  absorption  of  others.  The  absorption  of  amino 
acids  appears  to  keep  pace  with  their  step-wise,  slow  liberation 
from  ingested  proteins.  Consequently,  amino  acids  do  not  accumu¬ 
late  in  the  small  intestine,  nor  is  there  a  sudden  Hood  of  amino 
acids  into  the  blood.  The  utilization  of  the  absorbed  amino  acids 
is,  in  turn,  dependent  upon  slow  absorption,  and  the  entrance  of 
amino  acids  into  tissue  protein  is  most  efficient  when  absorption  is 
slow  and  the  blood  content  is  not  unduly  elevated. 

Following  absorption,  the  amino  acids  enter  the  portal  circula¬ 
tion  for  the  most  part;  some  may  pass  into  the  lymphatics.  The 
major  portion  of  the  amino  acids  is  removed  from  the  portal  blood 
by  the  liver.  The  balance  is  taken  up  by  other  tissues.  Absorbed 
amino  acids  are  removed  rapidly  from  the  blood,  so  that  the  blood 
content  is  restored  to  normal  fairly  soon  after  digestion  and  absorp¬ 
tion  of  a  meal. 


METABOLISM  AND  UTILIZATION 

The  primary  function  of  ingested  proteins  and  their  component 
amino  acids  is  the  production  and  the  maintenance  of  tissue  pro¬ 
teins,  and  the  formation  of  enzymes,  certain  hormones  and  other 
proteins  of  special  significance.  The  ultimate  fate  of  the  amino 
acids  is  the  removal  of  nitrogen  for  the  formation  of  urea  and  the 
release  of  energy,  directly  or  indirectly,  from  the  residue  Two  in¬ 
direct  pathways  of  energy  production  exist:  the  intermediate  for¬ 
mation  of  carbohydrate  and  the  formation  of  fat.  By  means  o 
transamination,  with  a  shift  of  an  amino  group  from  a 
acid  to  a  keto  acid,  a  limited  interconversion  of  ammo  acids  takes 
place.  This  makes  possible  the  utilization  of  some  amino  acids  to 
provide  others  for  which  a  need  may  exist.  Figure  5  is  a  amplified 
diagram  which  shows  the  general  arrangements  of  amino  acid 

m^n^  approximate  measure  of  the  nitrogenous  compounds  fur¬ 
nished  by  food  but  not  absorbed  can  be  obtained  from  an  estima¬ 
tion  of  the  total  nitrogen  in  the  feces.  Since  the  nitrogen 
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Fig.  5.  Metabolism  of  proteins. 
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utilized  amino  acids  is  finally  used  for  the  formation  of  urea,  the 
piincipal  nitrogenous  compound  in  the  urine,  the  amount  of  ni- 
tiogen  in  the  urine  is  assumed  to  be  a  measure  of  the  catabolism  of 
ammo  acids.  This  is  not  precisely  correct  but  is  sufficiently  reliable 
lor  practical  purposes.  The  sum  of  nitrogen  in  the  urine  and  that  in 
the  leces  represents  the  nitrogen  lost  from  the  body  by  utilization 
and  by  nonabsorption.  The  nitrogen  content  of  ingested  food  is 
an  index  of  the  amino  acids  (as  protein)  entering  the  body.  A  per¬ 
son  is  said  to  be  in  nitrogen  equilibrium  or  balance  when  the 
nitrogen  intake  equals  the  nitrogen  output  (urine  and  feces) .  If 
t.  e  n\tr°gen  intake  is  greater  than  the  total  output,  a  state  of  posi¬ 
tive  nitrogen  balance  exists,  and  amino  acids  are  being  retained  or 
conserved.  Negative  nitrogen  balance  is  shown  by  an  output 
greater  than  intake;  in  such  a  condition  amino  acids  are  being 
catabolized  to  a  greater  extent  than  the  amount  supplied  by  food 


'"a adu,lt,  havinS  an  adequate  intake  of  calories  nitro- 
gen  metabolism  is  likely  to  be  in  equilibrium,  unless  the  protein 
intake  is  very  small.  In  such  a  person  amino  add  cataboUsm  keej," 
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pace  with  intake,  although  there  will  be  a  period  of  several  days 
required  to  adjust  catabolism  to  a  change  in  intake,  either  up  or 
down.  For  this  reason  a  simple  balance  study,  in  which  the  nitro¬ 
gen  in  the  food,  the  urine  and  the  feces  is  measured,  cannot  yield 
information  on  protein  requirements  since  it  is  not  possible  to 
assume  that  requirement  is  the  amount  of  intake  required  to  keep 
an  individual  in  equilibrium  (this  statement  applies  to  a  person 
having  adequate  calorie  intake  and  more  than  a  minimal  amount 
of  protein) .  A  balance  study  can  be  used  to  determine  requirement 
for  protein  if  the  protein  intake  is  reduced  step-wise  to  the  lowest 
level  at  which  equilibrium  is  possible. 

An  older  theory  of  protein  utilization  held  that  there  is  a  fixed 
amount  of  breakdown  of  tissue  proteins  and  catabolism  of  the 
released  amino  acids.  This  amount  was  assumed  to  be  measured  by 
urinary  nitrogen  when  the  subject  received  adequate  calories  but 
no  protein  intake.  This  “wear  and  tear’’  catabolism  was  referred 
to  as  endogenous.  The  term  “exogenous”  was  applied  to  the  catab¬ 
olism  of  amino  acids  in  excess  of  the  endogenous  breakdown,  and 
exogenous  catabolism  was  thought  to  keep  pace  with  protein  in¬ 
take.  A  new  theory,  due  mainly  to  the  investigations  of  Borsook,1 
assumes  that  the  breakdown  of  tissue  protein  does  not  proceed  at 
a  constant  rate  but  parallels  protein  intake.  Largely  as,  a  result  of 
the  studies  of  Schoenheimer2  on  intermediary  metabolism  it  has 
been  recognized  that  tissue  proteins  are  not  static,  ineit  com¬ 
pounds  but  are  in  a  state  of  dynamic  equilibrium  with  amino  acids 
in  the  blood.  Between  the  tissues  and  the  blood  there  is  a  contin¬ 
uous  interchange  of  amino  acids,  d  issue  protein  is  continuously 
releasing  amino  acids  which  are  at  once  replaced  with  fresh  ones 
from  the  blood.  On  the  basis  of  the  new  theory,  the  amount  of  in¬ 
terchange  depends  upon  the  supply  of  amino  acids.  Hence,  tissue 
protein  breakdown,  and  the  catabolism  of  the  released  ammo 
acids,  is  said  to  keep  pace  with  protein  intake  and  not  remain  con¬ 
stant  regardless  of  intake.  However,  the  pathway  of  utilization  for 
amino  acids  coming  from  ingested  food  depends  on  the  amounts 
of  ingested  carbohydrate  and  fat.  The  bodily  requirement  which 
must  be  satisfied  first  is  that  for  energy.  If  the  food  intake  is  low  in 
energy  value  because  it  is  low  in  carbohydrate  and  fat  and  contains 
a  generous  amount  of  protein,  that  protein  will  be  called  on  to 
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provide  energy  and  not  for  tissue  protein  maintenance.  On  the 
other  hand,  an  intake  of  protein,  apparently  meager,  can  be  used 
for  tissue  replacement  if  the  food  intake  furnishes  ample  energy. 
The  feeding  of  a  large  amount  of  protein  cannot,  by  itself,  ensure 
the  proper  maintenance  of  tissue  protein.  It  has  been  said  for  many 
years  that  carbohydrate  spares  protein;  this  is  true  because  the 
energy  need  is  of  paramount  importance  and,  if  it  is  satisfied  by 
carbohydrate,  ingested  protein  can  be  spared  for  the  replacement 
of  amino  acids  in  tissue  proteins.  In  the  feeding  of  undernourished 
people  it  is  necessary  to  ensure  an  adequate  supply  of  calories.  If 
that  is  done,  a  small  intake  of  protein  will  be  used  efficiently  for 
the  production  of  tissue  protein. 

A  variety  of  factors  influence  the  amounts  of  amino  acids  going 
into  tissue  proteins  or  released  from  them.  As  a  general  rule. 


anabolism  is  greater  than  catabolism  during  growth,  in  the  latter 
part  ot  pregnancy,  during  physical  training  and  in  rehabilitation 
after  disease  or  after  malnutrition.  A  negative  total  nitrogen  bal¬ 
ance  with  the  total  amount  of  catabolism  greater  than  the  total 
amount  of  anabolism  occurs  usually  when  the  protein  intake  is 
less  than  is  needed,  when  the  calorie  intake  is  too  low,  or  after 
injuiies,  severe  burns  or  surgery.  Intermediate  between  states  of 


definite  positive  and  negative  balance,  there  may  be  catabolism  and 
loss  of  protein  in  some  tissues  to  make  possible  an  increase  in  pro¬ 
tein  in  other  tissues.  Liver  protein  is  particularly  labile  and  may  be 
catabohzed  for  anabolic  use  elsewhere.  Protein  storage,  such  as 
occurs  in  the  mother  in  the  second  half  of  pregnancy,  does  not 
consist  of  the  retention  of  inert  amino  acids;  storage  is  made  pos¬ 
sible  by  an  increase  in  tissue  proteins.  Several  hormones  play  im¬ 
portant  roles,  directly  or  indirectly,  in  promoting  either  protein 
anabolism  or  catabolism.  The  growth  hormone  which  is  secreted 
by  the  anterior  lobe  of  the  pituitary  gland  causes  increased  protein 
re  ention  in  the  tissues.  This  may  be  an  indirect  result,  consequent 
an  increased  combustion  of  fat  drained  from  the  depot  reserves 
In  contrast  wtth  the  effect  of  growth  hormone,  cortisolte  (secreted 

catabohsmeXT  Slaml)  brinS*  ^out  increased  protein 

severe  bums  “  “°nS  *h°Ck-  SUch  aS  are  ™d»t  following 
severe  burns  or  trauma,  it  ts  assumed  that  negative  nitrogen  baf- 
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a  nee  is  produced  by  an  increased  secretion  of  adrenal  cortical 
hormone. 

Catabolism  of  Amino  Acids 

The  main  pathway  for  the  release  of  energy  from  amino  acids 
is  oxidative  deamination,  d  he  amino  group  is  removed  to  form 
ammonia,  and  the  residue  of  the  amino  acid  is  oxidized  to  a  keto 
acid.  Alanine  can  be  used  as  a  simple  example: 

Alanine  -f-  oxygen  — »  pyruvic  acid  -f-  ammonia. 

This  chemical  reaction  is  promoted  by  the  enzyme,  amino  acid 
oxidase.  Only  in  one  tissue  of  the  body,  the  liver,  can  this  deami¬ 
nation  take  place. 

The  keto  acid  can  be  metabolized  in  a  variety  of  ways.  It  can 
serve  directly  to  provide  energy.  From  the  keto  acid,  at  least  if  it 
is  derived  from  about  10  of  the  naturally  occurring  amino  acids, 
glucose  can  be  formed;  apparently,  the  residues  of  other  amino 
acids  cannot  be  used  in  this  way.  Acetoacetic  acid  may  be  produced 
from  a  keto  acid  and  serve  for  the  synthesis  of  fatty  acids.  There 
is  some  doubt  as  to  whether  fatty  acids  are  made  directly  from 
amino  acids  or  whether  glucose  must  be  synthesized  first  with  sub¬ 
sequent  synthesis  of  fat  from  glucose. 

The  ammonia  formed  during  the  oxidative  deamination  of 
amino  acids  is  used  for  the  production  of  urea,  which  is  excreted 
through  the  kidneys  into  the  urine.  The  formation  of  urea  takes 
place  in  a  cyclic  set  of  reactions,  known  as  the  ornithine  cycle;  it 
is  an  arrangement  which  conserves  the  reagents  needed  for  urea 
production.  In  this  cycle,  ammonia  (or  an  amino  group)  com¬ 
bines  with  carbon  dioxide  and  ornithine  to  form  citrulline.  This 
compound  can  also  combine  with  more  ammonia  to  form  arginine. 
Under  the  influence  of  the  enzyme  arginase,  arginine  is  hydrolyzed 
to  give  urea  and  ornithine.  The  ornithine  is  then  available  for 
fresh  combination  with  ammonia.  Urea  is  the  chief  nitrogenous 
end  product  of  amino  acid  catabolism. 

Synthesis  of  Amino  Acids 

Micro-organisms  are  able  to  synthesize  all  of  the  naturally  occur¬ 
ring  amino  acids.  This  ability  is  limited  in  mammals  to  the  pro¬ 
duction  in  vivo  of  some  12  amino  acids.  Amination,  the  reverse  of 
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the  deamination  required  for  urea  production,  means  the  addition 
of  an  amino  group  to  a  keto  acid.  The  keto  acid  may  come  from 
the  deamination  of  an  amino  acid,  or  it  may  be  provided  by  the 
metabolism  of  either  carbohydrate  or  fat.  The  amino  group  is  ob¬ 
tained  from  an  amino  acid,  and  the  movement  of  an  amino  group 
from  one  amino  acid  to  a  keto  acid  for  the  formation  of  a  second 
amino  acid  is  known  as  transamination.  Body  tissues  contain  a 
family  of  enzymes,  transaminases,  which  promote  transamination 
but  are  specific  for  particular  amino  acids.  An  illustration  of  trans¬ 
amination  is  the  formation  of  alanine  by  the  transfer  of  an  amino 
group  from  glutamic  acid  to  pyruvic  acid.  The  loss  of  the  amino 
group  converts  glutamic  acid  to  alpha  ketoglutaric  acid. 

pyruvic  acid  -)-  glutamic  acid  — >  alanine  -f-  alpha  ketoglutaric  acid 

The  pyruvic  acid  used  in  this  transamination  could  have  been 
produced  by  the  catabolism  of  glucose.  Ketoglutaric  acid  is  also 
an  intermediate  in  the  catabolism  of  glucose.  Transamination  may 
be  an  important  link  between  the  utilization  of  carbohydrate  and 
of  amino  acids.  It  enables  the  body  to  produce  a  limited  number 
of  amino  acids  and  gives  considerable  flexibility  not  only  to  the 
catabolism  of  amino  acids  but  also  to  that  of  carbohydrate. 


NUTRITIONAL  OR  BIOLOGIC  VALUE  OF  PROTEINS 

Prior  to  1915  it  was  assumed  that  there  might  be  a  “quality” 
lactor  in  proteins  and  that  all  food  proteins  might  not  be  equally 
useful.  The  classic  studies  on  the  growth  values  of  different  pro¬ 
teins,  conducted  under  the  direction  of  L.  B.  Mendel  (1872-1935)  , 
were  reported  in  1915.3  The  results  of  those  studies  not  only  con¬ 
firmed  the  assumption  that  proteins  differed  in  nutritive  value  but 
also  made  available  a  clear  explanation  of  the  differences. 

Mendel  and  his  associates  tested  on  young  rats  the  growth  value 
of  individual  proteins,  isolated  from  foods.  Aside  from  the  pro¬ 
teins  being  different,  all  other  components  of  the  experimental 
lets  were  identical.  When  casein,  the  chief  protein  of  milk,  was 
ned  excellent  growth  was  obtained.  Gliadin,  a  protein  from 
wheat,  gave  very  little  growth.  When  the  diet  contained  only  zein, 

we^ffhTdl  r°m  thCru  WaS  n0t  °nly  n°  Srowth  but  also  body 
weight  decreased.  From  these  results  there  were  at  least  4  possible 
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explanations:  (1)  the  diet  containing  zein  may  have  had  a  taste 
undesirable  to  the  experimental  animal,  and  consumption  may 
have  been  small;  (2)  zein  may  be  toxic;  (3)  there  may  be  suffi¬ 
cient  difference  in  the  digestibility  of  the  different  proteins  that 
variant  amounts  of  amino  acids  may  have  been  absorbed;  and 
(4)  natural  proteins  may  have  different  contents  of  various  amino 
acids.  Records  of  food  consumption  by  the  animals  showed  that 
the  first  explanation  was  invalid.  The  second  explanation  was 
ruled  out  by  an  experiment  in  which  good  growth  was  obtained 
by  including  a  small  amount  of  another  protein  as  a  supplement 
to  zein.  Estimations  of  nitrogenous  substances  in  the  feces  indi¬ 
cated  that  there  were  insignificant  differences  in  the  proportions 
of  different  proteins  which  were  unabsorbed.  There  remained  the 
fourth  possibility  and  this  was  shown  to  be  valid  by  analyses  of 
the  several  proteins.  Zein  was  found  to  lack  3  amino  acids,  2  of 
which  are  now  known  to  be  necessary  for  growth.  Gliadin  contains 
these  amino  acids  but  in  smaller  amounts  than  does  casein.  This 
milk  protein  was  found  to  possess  all  of  the  amino  acids.  Two  of 
the  amino  acids,  missing  from  zein,  are  lysine  and  tryptophan. 
Mendel  added  these  2  amino  acids  to  a  diet  in  which  zein  was  the 
sole  protein;  this  diet  enabled  a  young  rat  to  grow  well.  Here  then 
was  the  proof  that  naturally  occurring  proteins  differ  in  their 
nutritive  value  because  they  contain  diverse  assortments  of  amino 
acids.  This  explanation  has  been  amply  verified  by  studies  in  many 
other  laboratories. 

Essential  Amino  Acids 

From  the  studies  on  the  nutritive  values  of  different  food  pro¬ 
teins  and  on  the  amino  acid  composition  of  the  proteins,  the  con¬ 
cept  developed  that  some  amino  acids  could  be  absent  from  a 
protein  without  apparently  impairing  nutritive  value.  On  the 
other  hand,  there  were  some  amino  acids  that  had  to  be  supplied 
for  health  and  growth.  A  protein  like_zein,  mgntioned_above, 
lacked  2  of  this  kind  of  amino  acid.  The  deficiency  was  made  goo 
by  supplementing  zein  with  2  amino  acids.  It  became  clear  that 
there  were  some  8  amino  acids  which  had  to  be  present  in  the  food 
intake  if  health  were  to  be  maintained.  All  other  ammo  acids 
could  be  absent  from  the  food  supply  without  consequent  harm¬ 
ful  effects. 
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An  explanation  of  the  dispensability  of  some  amino  acids  was 
provided  by  studies  on  the  synthesis  of  amino  acids  (see  section  on 
that  subject) .  While  micro-organisms  can  synthesize  all  amino 
acids,  mammals  are  able  to  produce  only  about  12;  all  others  must 
be  furnished  in  ingested  food.  These  latter  amino  acids  are  de¬ 
scribed  as  “essential,”  while  those  which  can  be  synthesized  in  the 
body  are  called  “nonessential.”  These  terms  are  somewhat  mislead¬ 
ing,  since  they  give  an  impression  that  the  nonessential  amino 
acids  are  not  necessary  for  the  maintenance  of  tissue  protein  and 
that  they  are  not  requisite  to  health.  This  interpretation  is  incor¬ 
rect.  So  far  as  is  known,  all  of  the  amino  acids  are  essential  in  the 
synthesis  of  tissue  proteins,  “nonessential”  as  well  as  “essential.” 
The  nonessential  amino  acids  need  not  be  contained  in  the  food 
supply  only  because  they  can  be  produced  in  the  body. 

A  sharp  division  of  all  amino  acids  into  2  types  is  not  possible. 
Arginine  is  not  essential  in  the  food  intake  of  adults  but  it  is  a 
dietary  essential  for  infants.  It  seems  that  the  rate  of  synthesis  of 
arginine  is  not  sufficient  in  infants  to  meet  requirements.  Tyrosine 
is  classed  as  nonessential  but  it  is  not  synthesized  from  a  keto  acid 
in  the  body;  it  is  made  available  during  the  catabolism  of  phenyl¬ 
alanine,  which  is  classed  as  essential. 

Largely  as  a  result  of  the  studies  directed  by  W.  C.  Rose4  there 
is  now  available  information  on  not  only  animal  but  also  human 
needs  for  the  various  amino  acids.  The  present  classification  is 
shown  in  Table  6. 


Complete  and  Incomplete  Proteins 

As  a  general  lule,  proteins  from  animal  sources  are  complete, 
since  they  contain  all  of  the  essential  amino  acids.  To  this  general 
rule  there  is  one  exception,  gelatine,  which  lacks  tryptophan.  With 

cheesqeUclnChtI0Hn’  the,pl,°teins  of  meat'  fish-  eggs,  milk  and 
arirtT  An  6  depended  upon  as  sources  of  all  essential  amino 

h'Z,  rtemS  m  Cereak  and  in  vegetab|es  are  incomplete, 
ver,  the  proteins  of  beans,  particularly  soya  beans,  are  more 

alternate  t"  nd 'f  l,’an  Vegetable  pr0teins  and  ‘an  be  used  as 
alternate  foods  for  meat,  fish  or  fowl. 

United  Statefad„d0rSOme,yearS  “  haS  been  COmmo"  P™tice  in  the 
and  Canada  to  recommend  that  people  use  sufficient 
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foods  of  animal  origin  to  provide  at  least  one  third  of  the  total 
intake  of  protein,  d  his  advice  is  based  on  the  need  for  essential 
amino  acids  and  on  the  completeness  of  animal-source  protein.  It 
is  a  safe  recommendation  to  use  in  an  area  in  which  animal-derived 
foods  are  plentiful,  in  which  people  have  sufficient  money  to  buy 
such  foods,  and  if  they  are  accustomed  to  eat  these  foods.  It  would 
not  be  practical  to  offer  this  advice  where  these  conditions  do  not 
exist.  It  is  not  imperative  that  this  advice  be  given. 

Supplementary  Effects  of  Food  Proteins 

In  his  important  studies  Mendel  showed  that ^zein  (from  corn) 
failed  to  support  growth  because  it  lacked  lysine  anciferyptophan. 
The  addition  of  these  amino  acids  to  a  zein  diet  enabled  the  ani¬ 
mal  to  grow.  Obviously,  the  same  result  was  possible  if  zein  was 
mixed  with  a  protein  which  contains  these  2  amino  acids.  Such  a 
protein  is  lactalbumin,  found  in  milk.  Mendel  demonstrated  that 
the  inclusion  of  some  lactalbumin  in  a  zein  diet  gave  good  growth. 
This  was  the  first  scientific  demonstration  of  the  supplementary 
action  of  proteins,  in  which  the  amino  acid  deficiencies  of  one  pro¬ 
tein  are  counteracted  by  the  use  of  another  protein. 

While  this  was  the  first  scientific  demonstration,  the  supplemen¬ 
tary  action  of  several  proteins  had  been  used  for  many  prior  gen¬ 
erations.  Wheat  flour  does  not  contain  a  complete  protein,  but  the 
amino  acid  deficiencies  are  made  good  in  the  old-fashioned  dish, 
“bread  and  milk.”  The  Scottish  porridge  and  milk  is  a  similar 
illustration,  as  is  the  use  of  corn  and  beans  in  Central  America. 
For  many  years  Chinese  have  made  effective  use  of  soya  beans. 

The  supplementary  action  of  mixed  proteins  in  providing  essen¬ 
tial  amino  acids  is  of  great  importance  in  areas  in  which  animal- 
origin  foods  are  scarce  or  not  purchasable  for  economic  reasons. 
Under  these  conditions  the  aim  of  the  nutritionist  is  to  encourage 
the  use  of  several  sources  of  protein,  planned  if  possible  to  provide 
all  of  the  essential  amino  acids. 

Vegetarianism 

People  do  not  use  food  of  animal  origin  for  several  reasons. 
Vegetarian  food  intakes  may  be  compelled  because  of  scarcity  of 
meat,  fish,  fowl,  eggs  or  milk,  or  economic  circumstances  may  not 
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permit  the  purchase  of  such  foods.  Religious  practices  may  forbid 
the  use  of  food  which  cannot  be  obtained  without  the  killing  of 
animals.  It  may  be  believed  that  animal-source  foods  are  harmful 
to  humans.  There  may  be  an  ethical  belief,  not  part  of  an  estab¬ 
lished  religion,  that  the  slaughter  of  animals  is  wrong.  The  last 
two  explanations  apply  particularly  to  vegetarians  in  the  United 
States,  Canada  and  Britain.  Bernard  Shaw  was  a  famous  example 
of  people  who  are  vegetarians  for  personal,  ethical  reasons.  Most 
vegetarians  are  not  strictly  so,  since  they  will  use  eggs,  milk  and 
cheese,  all  of  which  provide  excellent,  complete  proteins. 

It  should  be  made  clear  that  the  maintenance  of  health  is  com¬ 
patible  with  vegetarianism,  provided  that  a  variety  of  proteins  are 
ingested,  and  especially  if  milk  and  cheese  are  used.  II  the  variety 
of  proteins  is  selected  so  that  all  essential  amino  acids  are  obtained, 
there  is  no  necessity  to  eat  meat,  fish  or  fowl.  From  the  viewpoint 
of  safety,  animal-source  foods  are  advisable. 

Simultaneous  need  for  Amino  Acids 

Recent  investigations,  especially  those  by  Paul  R.  Cannon,5  have 
shown  that  amino  acids  are  not  well  utilized  for  tissue  protein 
production  and  maintenance  unless  all  of  the  amino  acids  are 
available  simultaneously  and  in  desirable  proportions.  A  food  in¬ 
take  may  contain  all  of  the  essential  amino  acids,  but  tissue  amino 
acid  replacement  will  not  proceed  unless  the  nonessential  amino 
acids  are  also  available.  If  not  present  in  the  ingested  food  they 
must  be  made  available  by  transamination  or  other  means. 

In  addition  to  the  simultaneous  need  there  is  the  question  of 
optimal  proportions  of  available  amino  acids.  If  the  food  supply 
contains  a  small  amount  of  an  essential  amino  acid  it  will  not  give 
good  growth,  at  least  in  animal  experiments.  A  marked  increase  in 
the  amount  of  protein  may  provide  enough  of  the  particidar  amino 
acid,  but  poor  growth  will  still  be  evident  because  the  amino  acids 
aie  being  supplied  in  relative  proportions  which  are  unsuitable 
for  effective  utilization.  A  balanced  proportion  of  amino  acids 
appears  to  be  essential;  the  detailed  information  regarding  the  pro¬ 
portions  which  are  most  suitable  is  not  available.  Present  informa¬ 
tion  does  indicate  that  a  generous  use  of  animal-source  proteins 
ensures  fairly  effective  relative  concentrations  of  amino  acids. 
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Digestibility  and  Nutritional  Value  of  Proteins 

Information  legarding  the  amino  acid  make-up  of  a  particular 
food  protein  does  not  tell  the  whole  story  regarding  its  ultimate 
nutritive  value.  Raw  and  cooked  soya  beans  have  the  same  amino 
acid  composition,  but  cooked  soya  beans  are  digested  and  absorbed 
to  a  much  greater  extent.  Hence,  the  final  nutritive  effect  is  greater. 
Moderately  cooked  meat  is  digested  and  absorbed  more  thoroughly 
than  raw  or  overcooked  meat;  the  moderately  cooked  product  has, 
ounce  for  ounce,  a  greater  nutritive  value.  Despite  the  value  of 
information  obtained  by  chemical  or  microbiologic  analyses,  the 
real  nutritive  value  of  a  food  protein  can  be  determined  only  by 
feeding  experiments  on  animals,  or  preferably  on  humans. 

REQUIREMENTS  FOR  PROTEINS  AND  AMINO  ACIDS 

In  the  middle  of  the  19th  century  Justus  von  Liebig  (1803- 
1873) ,  the  great  pioneer  in  physiologic  chemistry,  was  strong  in 
the  belief  that  protein  was  the  important  food  constituent.  His 
viewpoint  can  be  obtained  from  a  short  statement0:  “Only  those 
substances  can  be  designated  foods  which  are  capable  of  being 
converted  into  blood.”  Liebig  taught  a  doctrine  that  protein  was 
the  only  source  of  energy.  He  believed  that  carbohydrate  and  fat 
served  to  facilitate  respiration.  These  beliefs,  long  since  known  to 
be  fallacious,  had  a  pronounced  effect  at  the  time  because  of 
Liebig’s  leadership  in  the  scientific  world.  A  more  modern  view¬ 
point  of  the  importance  of  protein  and  of  other  food  constituents 
developed  from  the  work  of  Carl  Voit  (1831-1908)  and  his  stu¬ 
dents.  Protein  w'as  relegated  to  the  place  which  we  now  consider 
suitable.7 

For  a  period  of  several  years,  centering  around  1907,  a  viewpoint 
opposite  to  that  of  Liebig  was  advanced  by  R.  H.  Chittenden 
(1856-1943) .  The  catabolism  of  protein  gave  rise  to  urea  and  to 
other  nitrogenous  compounds.  These  had  to  be  produced  in  the 
liver  and  excreted  by  the  kidneys.  The  ingestion  of  large  amounts 
of  protein  caused  a  load  on  the  liver  and  the  kidneys,  damage  to 
these  organs  would  result.  Consequently,  Chittenden  advocated 
that  a  suitable  intake  of  protein  for  adults  was  about  30  Cm.  a  day. 
For  some  years  there  was  a  vigorous  controversy  over  the  merits 
and  the  demerits  of  low  intakes  of  protein. 
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While  the  protein  controversy  apparently  has  ceased,  it  is  useful 
to  recall  some  of  the  recommendations  and  observations  which 
were  made.  In  1881  Voit  recommended  that  a  man  working  8  to  10 
hours  a  day  should  consume  118  Gm.  of  protein  a  day.  This  pro¬ 
tein  intake  would  provide  16  per  cent  of  a  3,000  calorie  intake. 
This  recommendation  was  not  made  on  the  basis  of  physiologic 
need  but  was  derived  from  studies  on  the  food  use  of  a  number  of 
men.  During  the  next  20  years  somewhat  similar  recommendations 
were  made  by  several  leaders  in  nutrition. 

One  of  the  early  advocates  of  a  low-protein  intake  was  Siven,9 
who  reported  that  he  was  able  to  maintain  nitrogen  equilibrium 
in  himself  with  an  intake  of  25  to  31  Gm.  of  protein  a  day.  In  an 
experiment  on  himself  lasting  9  months,  Chittenden8  found  that 
nitrogen  equilibrium  was  maintained  with  intakes  of  37  to  40  Gm. 
of  protein  a  day.  Moreover,  Chittenden  maintained  that  his  health 
was  improved  by  such  a  regimen.  Similar  results  were  obtained  by 
Hindhede.10  It  should  be  noted  that  Chittenden  carried  out  studies 
on  several  groups  of  subjects  with  results  comparable  with  those 
found  with  himself  as  subject. 

In  1913  Krogh  and  his  wife11  reported  observations  made  on 
Eskimos  subsisting  on  entirely  carnivorous  food  in  Greenland.  An 
average  protein  intake  was  found  to  be  about  280  Gm.  a  day.  This 
amount  of  protein  supplied  44  per  cent  of  the  average  calorie  in¬ 
take.  The  Kroghs  found  that  the  Eskimos  maintained  good  health 
and  excellent  physical  endurance.  Chittenden  had  claimed  that  a 
high  protein  intake  caused  gout  and  arthritis;  the  Eskimos  were 
found  to  be  free  of  both  diseases.  Similar  observations  on  the 
Eskimos  were  reported  by  several  other  investigators. 

There  is  a  considerable  amount  of  information  that  adults  can 
be  maintained  in  nitrogen  balance  and  in  health  on  intakes  of  pro¬ 
tein  of  about  30  Gm.  a  day.  A  fairly  recent  study  by  Hegsted  and 
associates12  is  of  interest.  These  workers  found  that  protein  re¬ 
quirement  is  related  to  surface  area  or  to  basal  caloric  expenditure, 
more  closely  than  to  body  weight.  In  this  study  caloric  intake  was 
provided  by  adequate  amounts  of  carbohydrate  and  fat.  With  a 
diet  devoid  of  animal  protein  with  all  protein  supplied  from 
cerea  s,  vegetables  and  fruit,  a  man  of  average  weight  could  be 
ept  in  nitrogen  balance  by  an  intake  of  30  to  40  Gm.  of  protein  a 


96 


Proteins  and  Amino  Acids 


day.  When  one  third  of  the  protein  was  replaced  by  that  contained 
in  meat,  the  protein  needed  to  maintain  balance  was  reduced  by 
17  per  cent,  so  that  the  requirement  for  a  man  of  average  weight 
was  25  to  35  Gm.  a  day.  Requirements  of  about  the  same  magni¬ 
tude  were  reported  by  Bricher,  Mitchell,  and  Kinsman.13  Both 
studies  could  be  criticized  as  being  too  short  in  time  to  permit  the 
detection  of  effects  of  such  low  intakes  over  a  period  of  some  years. 

It  seems  clear  that  protein  balance  can  be  maintained  without  a 
decrease  in  body  protein,  at  least  for  short  periods,  on  the  type  of 
protein  intake  advocated  by  Chittenden.  It  is  equally  clear  that 
adults  can  live  for  years,  as  do  Eskimos,  on  intakes  of  about  300 
Gm.  a  day.  There  appears  to  be  a  wide  range  of  protein  intakes  in 
which  adults  can  manage.  This  is  a  good  illustration  of  nutritional 
adaptation.  Present  evidence  suggests  that  the  lower  limit  of  pro¬ 
tein  intake  for  adults  is  about  30  Gm.  of  mixed  protein  a  day. 

Factors  Influencing  Minimal  Protein  Requirements 

Swanson14  has  stated  that  “nitrogen  retention  represents  the 
interaction  of  many  factors”  and  that  it  is  impossible  to  quantitate 
protein  requirements  without  a  full  understanding  of  these  factors. 
Those  listed  by  Swanson  are:  (1)  calorie  intake;  (2)  source  of 
nonprotein  calories;  (3)  physiologic  state;  (4)  body  store,  and 
several  others. 

The  total  caloric  intake  is  of  marked  importance  in  deciding  the 
minimal  need  for  protein.  Carbohydrate  and  fat  spare  the  need 
for  protein  because  they  supply  energy  which  otherwise  would 
have  to  be  produced  by  the  catabolism  of  protein.  Appaiently 
more  is  involved  than  would  be  deduced  from  the  simple  arithme¬ 
tic  of  calorie  intake  and  expenditure.  The  proportion  of  carbohy¬ 
drate  to  fat  may  be  of  importance.  Swift  and  associates10  have 
shown  that  animals  receiving  liberal  amounts  of  fat  exhibit  an 
economy  of  utilization  of  energy.  This  more  efficient  energy  pro¬ 
duction  may  have  a  bearing  on  the  sparing  of  protein. 

Several  types  of  physiologic  states  have  distinct  influences  on 
protein  requirement  and  some  are  of  sufficient  importance  to 
merit  detailed  discussion.  Pregnancy  and  growth  have  marked 
effects  on  protein  requirements.  Stress  and  shock  are  two  other 
states  which  alter  protein  metabolism  and  requirement.  The  nu- 
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tritional  state  of  the  individual  has  an  influence  on  protein  metab¬ 
olism.  Allison16  has  shown  that  the  amount  of  protein  storage 
affects  the  amount  of  protein  retained. 

The  possible  relation  of  body  weight  or  size  to  protein  require¬ 
ment  must  be  considered  in  a  discussion  of  protein  need.  In  the 
Canadian  Dietary  Standard  a  mathematical  formula  for  calculat¬ 
ing  protein  requirement  from  body  weight  is  given.  This  formula 
is  based  on  the  work  of  Brody.17  The  formula  begins  from  a  basic 
calculation  by  Brody: 


Endogenous  urinary  nitrogen  in  mg.  =  146  X  (weight  in  Kg.)0-7 

The  constant,  146,  was  calculated  by  Brody  from  a  considerable 
amount  of  experimental  data  for  various  species  of  mammals.  The 
amount  of  dietary  protein  in  grams  equivalent  to  the  endogenous 
urinary  nitrogen  is  obtained  by  multiplying  the  amount  of  nitro¬ 
gen  by  6.25  and  dividing  by  1,000  (to  convert  milligrams  to 
grams) .  The  authors  of  the  Canadian  Dietary  Standard  have  in¬ 
troduced  further  corrections: 

1.  There  is  a  considerable  loss  in  nitrogen  in  the  feces,  even 
when  a  protein-free  intake  is  consumed.  This  fecal  nitrogen  comes 
from  digestive  fluids  and  is  said  to  be  about  40  per  cent  of  the 
amount  of  endogenous  urinary  nitrogen.  To  allow  for  this  the 


urinary  nitrogen  is  multiplied  by  -  or  1.4. 

2.  It  is  claimed  that  the  biologic  value  of  the  average  mixture 
o  protein  is  about  50  per  cent  and  that  only  one  half  of  ingested 
protein  is  ot  real  value.  Consequently,  it  is  felt  that  the  amount 
of  protein  calculated  from  the  basic  formula  of  Brody  should  be 
multiplied  by  2  to  determine  protein  requirement. 

3^  In  the  Canadian  Dietary  Standard  a  further  correction  is 

saideto0r  °SSeS  «Unng  dl§estion  an^  absorption.  These  losses  are 
said  to  average  8  per  cent.  The  figure  for  protein  requirement  is 

then  corrected  for  this  loss  by  multiplying  by  or  by  dividing 
by  0.92.  92 

— :l:^ri:OTmuia  for  protein  rec>ui— 
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Dietary  protein  in  grams=  1.4x2x6-25x  146  (weight  in  Kg.)0-7 

1,000x0.92 

=2.78  (weight  in  Kg.)0-7 

This  mathematical  formula  gives  an  impression  that  protein 
requirement  can  be  determined  with  precision.  Actually,  the  im¬ 
plied  precision  is  an  illusion.  We  do  not  possess  sufficient  infor¬ 
mation  to  do  more  than  estimate  protein  needs  in  rough  approxi¬ 
mation.  The  mathematical  formula  implies  that  the  protein 
requirement  of  an  individual  can  be  calculated  with  an  error  of 
about  0.3  per  cent.  Existing  information  is  so  meager  that  the 
best  we  can  do  at  present  is  to  assume  that  minimal  adult 
needs  for  protein  are  in  the  neighborhood  of  30  Gm.  a  day.  It  is 
reasonable  to  conclude,  however,  that  protein  requirement  varies 
from  one  person  to  another  in  terms  of  body  weight,  body  size, 
or  maintenance  energy  expenditure. 


Optimal  Protein  Requirement 

While  there  is  considerable  information  that  adults  can  main¬ 
tain  nitrogen  balance  and  health  for  at  least  short  peiiods  with 
intakes  in  the  order  of  30  Gm.  of  protein  a  day,  there  is  a  wide¬ 
spread  opinion  that  protein  intakes  should  be  at  least  double 
this  range.  For  some  years  there  has  been  a  generally  accepted 
recommendation  that  a  suitable  protein  intake  for  adults  is  1  Gm. 
per  day  per  Kg.  of  body  weight.  For  the  standard  reference  man 
(see  p.  39),  the  recommended  daily  intake  of  protein  would  be 
65  Gm.;  for  the  standard  reference  woman  the  daily  protein  in¬ 
take  would  be  55  Gm. 

It  will  be  noted  that  these  amounts  are  roughly  double  the 
quantity  which  probably  is  required  for  maintenance  of  adults 
at  least  for  short  periods.  These  recommended  amounts,  based 
on  the  ratio  of  I  Gm.  per  Kg.  of  body  weight,  are  easily  ob- 
tained  in  prosperous  countries  well  stocked  with  food.  The 
higher  range  of  intake  can  be  advised  under  such  conditions.  In 
areas  with  meager  food  supplies  such  intakes  are  '"’P°»‘“ 
the  realistic  recommendation  then  is  the  minimal  amount.  Whe 
oeonle  can  purchase  food  easily  and  have  ample  food  available, 
the  tendency  is  to  select  subconsciously  foods  which  will  provide 
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in  the  daily  intake  about  10  to  12  per  cent  of  the  total  calories 
in  the  form  of  protein.  The  amount  of  protein  so  selected  is 
approximately  equal  to  the  “optimal”  recommendation. 

Requirements  for  Essential  Amino  Acids 
The  studies  of  W.  C.  Rose  and  his  colleagues4  have  shown 
that  8  amino  acids  are  essential.  Cannon5  has  advocated  that 
these  must  be  supplied  together  and  in  suitable  proportion.  As  a 
result  of  investigations  on  human  subjects,  Rose  has  been  able 
to  set  forth  the  quantities  of  the  essential  amino  acids  for  adult 
males.  The  minimal  daily  needs  are: 


Tryptophan 

0.25  Gm. 

Phenylalanine 

1.10  Gm. 

Lysine 

0.80  Gm. 

Threonine 

0.50  Gm. 

Valine 

0.30  Gm. 

Methionine 

1.10  Gm. 

Leucine 

1.10  Gm. 

Isoleucine 

0.70  Gm. 

Rose  has  recommended  that  the  daily  intake  provide  double 
the  minimal  amounts  to  allow  for  digestive  losses  and  the  varying 
biologic  value  of  different  food  proteins. 

It  is  interesting  to  consider  the  quantities  of  some  everyday 
foods  which  are  needed  to  furnish  the  recommended  amounts  of 


Table  6.  Supply  of  Essential  Amino  Acids 


Total  in  100  Gm.  bread 

+  500  Gm.  milk 


Total  Protein 

Essential  Amino  Acids 

Tryptophan 

Phenylalanine 

Lysine 

Threonine 

Valine 

Methionine 

Leucine 

Isoleucine 


25  Gm. 


0.36 

1.36 

1.64 

1.05 

1.54 

0.73 

2.43 

1.56 


Minimal  Daily 
Need  (Rose) 


0.25 

1.10 

0.80 

0.50 

0.80 

1.10 

1.10 

0.70 
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the  essential  amino  acids.  Calculations  of  the  amounts  in  a  mix¬ 
ture  of  100  Gm.  of  bread  (about  4  slices)  and  500  Gm.  of  milk 
(about  1  pint)  are  shown  in  Table  6,  together  with  the  minimal 
daily  needs.  It  will  be  seen  that  these  2  foods,  in  the  specified 
quantities,  supply  more  than  minimal  needs  for  7  of  the  8  amino 
acids.  In  the  case  of  methionine,  the  supplied  amount  is  about 
70  per  cent  of  the  minimal  need.  However,  a  supply  of  cystine 
spares  the  need  for  methionine,  and  the  casein  of  milk  furnishes 
considerable  cystine.  It  shoidd  be  noted  that  100  Gm.  of  bread 
plus  500  Gm.  of  milk  provide  25  Gm.  of  protein,  an  amount 
close  to  that  which  was  found  to  be  sufficient  for  minimal  need 
in  the  study  by  Hegsted  et  al.12 

In  conjunction  with  the  customary  recommendation  of  1  Gm. 
of  protein  per  Kg.  of  body  weight  as  a  suitable  intake  for  adults 
in  countries  like  the  United  States  and  Canada,  it  is  generally 
advised  that  from  one  third  to  one  half  of  the  protein  be  from 
animal  sources.  This  double  recommendation  ensures  an  ade¬ 
quate  amount  of  protein  for  adults  and  adequate  amounts  of 
essential  amino  acids. 


Protein  Requirements  in  Pregnancy 
The  demands  of  the  fetus  for  growth  materials  are  insignificant 
in  the  first  half  of  pregnancy.  Fetal  needs  increase  during  the  sec¬ 
ond  half  and  reach  a  maximum  during  the  last  month  of  intra¬ 
uterine  life.  At  birth  a  normal  infant  weighing  3.6  Kg.  contains 
up  to  700  Gm.  of  protein.  All  of  this  protein  has  been  incor¬ 
porated  into  the  fetus  during  the  last  4  months  of  pregnancy 
and,  more  particularly,  during  the  last  month.  The  probable 
maximal  incorporation  of  protein  into  the  fetus  averages  not 
more  than  6  Gm.  a  day  during  the  last  4  months  of  pregnancy. 
If  a  mother  is  living  in  the  United  States  or  Canada  the  de¬ 
mand  on  her  for  protein  by  the  fetus  per  se  does  not  constitute 
more  than  10  per  cent  of  her  likely  daily  intake.  However,  that 
protein  must  be  supplied  either  from  the  mother’s  food  or  from 

her  tissues.  „  .  • 

In  addition  to  the  protein  needs  of  the  fetus,  protein  ,s 

needed,  also,  for  the  formation  and  the  maintenance  of  tie 

placenta,  for  the  enlargement  of  the  uterus,  and  for  the  increase 


TOTAL  GRAMS  OF  NITROGEN  STORED 
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in  size  of  the  breasts.  For  these  purposes  the  total  protein  require¬ 
ment  is  about  equal  to  that  needed  for  the  growth  of  the  fetus. 

In  1910  Hoffstrom18  reported  that  the  normal  pregnant  woman 
stores  considerable  protein  in  her  tissues,  and  that  the  amount 
thus  stored  is  greater  than  the  quantity  required  for  the  fetus, 
the  placenta  and  the  enlargement  of  the  uterus  and  the  breasts. 
The  extent  of  protein  retention  by  the  mother  was  studied  by 
Macy  et  al.  and  by  others.  Figure  6,  taken  from  a  paper  by  Macy 
and  Hunscher,19  shows  graphically  that  the  quantity  of  protein 
stored  by  the  mother  is  greatly  in  excess  of  the  total  required  for 
the  fetus  and  the  adnexae.  This  storage  of  protein  has  been  ex¬ 
plained  as  a  preparation  for  the  production  of  milk.  However, 
Macy  and  associates  showed  that  much  of  the  stored  protein 
disappears  during  parturition.  A  different  explanation— that  the 
storage  of  protein  is  a  safeguard  against  emergencies— is  more 
likely.  For  some  years  it  has  been  assumed  that  the  storage  of 
protein  during  pregnancy  is  one  manifestation  of  a  series  of  meta¬ 
bolic  changes  in  the  maternal  organism,  and  the  alteration  in 
metabolism  results  from  endocrine  influence.  G.  H.  Beaton-0 
has  shown  that  the  metabolic  picture  of  pregnancy  can  be  sim¬ 
ulated  in  a  nonpregnant  rat  by  simultaneous  administration  of 
pituitary  growth  hormone  and  2  sex  hormones,  estrogen  and 
progesterone. 

It  is  clear  that  a  pregnant  woman  is  normally  in  markedly 
positive  nitrogen  balance  through  most  of  pregnancy,  that  she 
stores  a  large  amount  of  protein,  and  that  appreciable  piotein 
is  required  for  the  fetus  and  the  placenta  and  for  the  enlarge¬ 
ment  of  the  uterus  and  the  breasts.  A  recommendation  for  an 
increased  intake  of  protein  is  obviously  in  order.  However,  there 
is  no  real  growth  of  the  fetus  during  the  first  half  of  pregnancy, 
and  it  is  assumed  that  there  is  no  need  for  increasing  intake 
during  that  time  (if  the  previous  intake  has  been  adequate). 
Customary  advice  is  to  increase  by  50  per  cent  the  intake  of  pro¬ 
tein  during  the  second  half,  or  at  least  the  third  trimester  of 
pregnancy.  In  conjunction  with  the  generally  used  recommenda- 
don  of  1  Gm.  of  protein  per  Kg.  of  body  weight  for  adults,  the 
advised  intake  during  the  latter  part  of  pregnancy  would  be  . 
Gm.  per  Kg.  of  body  weight. 
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The  production  of  milk  requires  a  drain  on  the  maternal  sup¬ 
ply  of  protein.  An  average  milk  secretion  of  850  ml.  per  day  con¬ 
tains  about  10  Gm.  of  protein.  This  would  be  equal  to  nearly 
one  fifth  of  a  customary  nonpregnant  intake.  Actually,  the  intake 
should  be  increased  by  somewhat  more  than  this  amount  to  al¬ 
low  for  digestive  losses  and  for  inferior  biologic  value  of  many 
food  proteins.  A  safe  and  generous  recommendation  is  2  Gm.  of 
protein  per  Kg.  of  body  weight. 

The  biologic  value  of  protein  is  particularly  important  during 
pregnancy  and  lactation  to  ensure  proper  amounts  of  essential 
amino  acids.  The  generous  use  of  milk,  recommended  to  supply 
calcium  needs  during  both  pregnancy  and  lactation,  aids  greatly 
in  furnishing  protein  of  high  biologic  value. 


Protein  Requirements  during  Growth 

Infancy.  No  precise  information  is  available  regarding  protein 
requirements  in  infancy.  Normally,  babies  thrive  on  breast  milk, 
and  it  is  interesting  to  consider  the  amount  of  protein  thus  sup¬ 
plied,  since  it  does  enable  a  baby  to  grow  satisfactorily.  To  meet 
the  average  energy  requirement  of  about  100  calories  per  Kg.,  a 
baby  weighing  5  Kg.  would  need  about  700  ml.  of  breast  milk 
(0.7  calories  per  ml.).  This  amount  of  breast  milk  contains '7.7 

Gm.  ot  protein.  On  a  body  weight  basis  the  baby  would  receive 
1.5  Gm.  protein  per  Kg. 

The  amount  of  protein  received  by  a  breast-fed  infant  is  defi¬ 
nitely  less  than  the  intake  recommended  in  the  United  States 
Recommended  Allowances  and  in  the  Canadian  Dietary  Stand¬ 
ard.  In  both  cases  the  advised  intake  is  3.5  Gm.  per  Kg.  o£  body 
wetght.  Formerly,  it  was  believed  that  the  protein  of  cow's  milk 
vas  less  well  utilized  than  the  protein  of  human  milk.  The  rec¬ 
ommended  .make  is  intended  for  artificially  fed  babies.  However 

processed3,  ^  ^  ,he  Pr°tein  of  P™P«ly 

p  cessed  cows  milk  is  as  well  utilized  by  infants  as  is  the  pro 

tendon  isT,  ^  WS  “  imP««sion  that  nitrogen  re: 
ention  is  not  maximal  in  the  breast-fed  baby.  The  experience 

=H=3 

u-  Per  °1  body  weight  is,  like 
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that  for  adults,  generous  and  perhaps  greater  than  is  essential. 
However,  it  has  the  advantage  of  being  safe. 

Childhood.  The  results  of  series  of  protein  balance  studies  on 
children  were  summarized  by  Peters  and  Van  Slyke.22  Reason¬ 
ably  good  agreement  was  noted.  Protein  intake  must  be  such 
that  tissue  protein  maintenance  is  adequate,  and  sufficient  pro¬ 
tein  must  be  available  for  growth.  A  summation  of  available  in¬ 
formation  caused  the  United  States  Food  and  Nutrition  Board 
to  state,  “These  data  indicate  that  the  protein  need  per  kilogram 
decreases  from  2.5-3  grams  in  early  childhood  to  1.5-2  grams  in 
late  childhood  and  adolescence.”  The  Canadian  Council  on  Nu¬ 
trition  has  recommended  a  greater  range  of  intake  for  children 
2,  3  and  4  years  of  age;  this  range  is  from  2.5  to  3.0  Gm.  per  Kg. 
A  recommendation  which  is  simpler  to  use  in  practice  is  that  the 
protein  intake  should  provide  15  per  cent  of  the  total  calories. 
Maroney  and  Johnston23  reported  that  children  4  to  14  years  of 
age  secured  maximal  protein  storage  when  15  per  cent  of  the 
total  calories  came  from  protein.  This  simple  arrangement  does 
give  somewhat  greater  protein  intakes  than  are  recommended 
for  children  4  to  9  years  of  age  in  the  United  States  Recom¬ 
mended  Allowances  (based  on  the  1.5  to  3.0  Gm.  per  Kg.) . 

Adolescence.  In  the  United  States  Recommended  Allowances 


and  in  the  Canadian  Dietary  Standard,  protein  recommenda¬ 
tions  for  boys  and  girls  over  10  years  of  age  are  identical.  The 
ratio  of  1.5  to  2.0  Gm.  of  protein  per  Kg.  of  body  weight  is  used. 
The  higher  value  (2.0  Gm.  per  Kg.)  is  employed  for  the  younger 
age  groups.  It  is  essential  that  this  be  so  to  provide  a  greater 
intake  during  puberty.  At  that  time  there  are  endocrine  changes 
and,  frequently,  a  spurt  in  growth  which  makes  a  liberal  supply 

of  protein  essential. 

In  recent  years  adolescent  girls,  in  North  America  at  least, 
have  been  weight  conscious.  The  desire  to  keep  slim  for  esthetic 
reasons  causes  many  girls  to  eat  little  food  and  to  se  ect  food 
without  attention  to  nutritional  requirements.  Mdk  will  be  dis¬ 
continued  because  it  is  thought  to  be  "fattening;  softdnnksol 
fairly  high  calorie  value  will  be  used  in  place  of  ini  .  1 

desire  to  avoid  obesity  should  be  encouraged,  education  regar  - 
ing  the  proper  choice  of  food  is  essential.  It  is  particularly  im- 
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portant  that  adequate  protein  be  used  and  that  considerable 
protein  of  high  biologic  value,  like  that  of  milk,  be  included. 
Health  and  slimness  can  be  compatible. 

Physical  Activity  and  Protein  Requirements 

The  impression  is  wide-spread  that  protein  requirement  varies 
with  the  degree  of  physical  activity  and  that  men  doing  heavy 
work  need  more  protein  than  do  those  of  sedentary  occupation. 
There  is  no  scientific  basis  for  this  belief.  Energy  expenditure 
does,  of  course,  vary  directly  with  the  severity  of  exercise  or  work. 
Consequently,  it  is  essential  that  energy  intake  keep  pace  with 
expenditure,  if  the  catabolism  of  body  tissues  and  their  proteins 
is  to  be  prevented.  Provided  that  ample  quantities  of  carbo¬ 
hydrate  and  fat  are  available  to  meet  the  energy  expenditure, 
work  does  not  increase  the  utilization  of  protein.  This  was  shown 
by  P.  A.  Shaffer.24  In  the  course  of  extensive  studies  on  protein 
metabolism,  Cuthbertson  and  his  associates25  reported  that  ex¬ 
ercise  before  a  meal  does  not  increase  protein  catabolism,  nor 
is  there  any  such  effect  after  a  meal,  provided  that  sufficient 
carbohydrate  is  ingested  to  meet  energy  needs. 

While  there  is  no  scientific  evidence  to  justify  an  increase  in 
protein  intake  for  heavy  work,  the  protein  intake  increases  auto¬ 
matically  with  the  augmented  food  intake.  The  heavy  worker 
does  not  select  carbohydrate  and  fat  to  provide  greater  energy 
but  uses  larger  amounts  of  the  foods  to  which  he  is  accustomed. 
Customary  food  selection  in  prosperous  countries  provides  pro¬ 
tein  equivalent  to  10  to  12  per  cent  of  the  total  calories.  This 
ratio  is  fairly  independent  of  the  total  calorie  value.  A  sedentary 
man  ingesting  food  of  2,400  calorie  value  receives  about  60  Gm. 
of  protein;  a  heavy  worker  in  the  same  area  may  eat  food  equiv¬ 
alent  to  3,600  calories  containing  about  90  Gm.  of  protein.  This 

difference  is  due  to  food  habits  and  not  to  a  physical  need  for 
more  protein. 


Stress  and  Protein  Requirements 
The  phrase,  “toxic  destruction  of  protein,”  lias  been  familiar 

mLTTlQnr  '!  rem:  t0  have  °riSinated  lmm  observations 
made  in  1909  and  later=»  that  patients  with  infectious  diseases 
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bui  n  protein  at  an  undue  rate  and  exhibit  a  negative  nitrogen 
balance,  d  he  loss  of  tissue  protein  was  thought  to  be  an  essential 
and  unavoidable  consequence  of  an  infection. 

Excessive  destruction  of  protein  is  not  limited  to  infectious 
disease.  A  similar  state  after  severe  hemorrhage  was  reported  by 
Buell  in  1919.27  In  1932  Cuthbertson28  described  a  condition  of 
negative  nitrogen  balance  after  bone  fractures.  In  recent  years, 
and  especially  during  the  war  years  of  1939  to  1944,  much  atten¬ 
tion  was  given  to  the  negative  nitrogen  balances  observed  in  post¬ 
operative  patients  and  in  those  with  severe  burns.  Cuthbertson 
found  that  the  phase  of  undue  protein  loss  is  brief  after  a  simple 
operation.  On  the  other  hand,  the  protein  catabolism  can  con¬ 
tinue  for  some  weeks  after  fractures. 

An  explanation  of  the  increased  destruction  of  protein  follow¬ 
ing  various  types  of  trauma  has  been  advanced  by  Hans  Selye 
in  his  “General  Adaptation  Syndrome.”  According  to  Selye,29  an 
undesirable  stimulus,  such  as  a  severe  burn  or  a  fracture,  causes 
an  increased  output  of  the  adrenal-stimulating  hormone  of  the 
pituitary  gland.  The  stimulated  adrenal  glands  secrete  abnormal 
amounts  of  steroid  hormones.  These  bring  about  the  increased 
catabolism  of  protein.  This  explanation  has  been  accepted  widely. 

After  the  recognition  of  the  undue  loss  of  protein  after  opera¬ 
tions,  burns  and  injuries,  interest  developed  in  methods  of  sup¬ 
plying  increased  quantities  of  proteins  or  amino  acids.  Hydroly¬ 
sates  of  proteins  were  made  available.  Such  hydrolysates  can  be 
administered  intravenously  to  a  limited  extent.  Given  by  mouth 
they  have  no  advantage  over  simple  and  less  expensive  sources 
of  protein.  If  patients  can  take  even  fluids  by  mouth  it  is  readily 
possible  to  give  significant  amounts  of  protein  easily  and  cheaply. 
The  simplest  procedure  is  to  increase  the  protein  content  ot 
milk  by  adding  skim  milk  powder.  A  quarter-pound  of  skim  milk 
powder  can  be  mixed  with  a  quart  of  milk  to  provide  70  Gm.  of 
high  biologic  value  protein. 

Food  Sources  of  Protein 

In  the  prosperous  countries,  like  the  United  States  and  Canada, 
proteins  of  excellent  nutritive  value  are  obtainable  readdy,  a  - 
though  some  of  the  sources  are  expensive.  During  the  years  1935 
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to  1951  inclusive  the  amount  of  food  protein  available  for  human 
consumption  in  Canada  averaged  95  Gm.  per  person  per  day.  With 
liberal  allowances  for  processing  losses,  the  quantity  of  protein 
available  was  in  excess  of  even  liberal  recommendations.  Most  of 
this  protein  was  provided  by  3  types  of  foods: 

Milk  and  Cheese  26%  of  total  protein 

Cereal  products  (bread,  etc.)  30%  of  total  protein 
Meats  19%  of  total  protein 

Frequently  used  food  sources  of  protein  and  the  quality  of  the 
protein  are  shown  in  Table  7.  Figures  for  protein  contents  were 
taken  from  Composition  of  Foods,  United  States  Department  of 
Agriculture,  Agriculture  Handbook  No.  8. 


Table  7.  Food  Sources  of  Protein  Commonly  used  in  the 
United  States  and  Canada 


Quantity  of  Protein  in 
Food  Average  Serving  (grams) 


Quality  of  Protein 


Milk  (whole  or  skim) ,  8  oz. 

9 

Complete 

Skim  milk  powder,  1  tbsp. 

3 

Complete 

Cheese,  cheddar,  1  oz. 

7 

Complete 

Cheese,  cream,  1  oz. 

3 

Complete 

Beef,  roast,  3  oz. 

20 

Complete 

Pork,  ham,  3  oz. 

20 

Complete 

Egg,  1  medium 

6 

Complete 

Potatoes,  mashed,  1  cup 

4 

Incomplete 

Beans,  baked,  1  cup 

15 

Incomplete 

Bread,  white,  1  slice 

2 

Incomplete 

Meats,  fish  and  fowl  are  excellent  sources  of  complete  protein 
(and  other  nutrients) .  However,  they  are  expensive.  In  providing 
advice  to  low-income  families  it  is  often  necessary  to  recommend 


Food 


Purchase  Unit 


Amount  of  Protein  (grams) 


Milk 

1  quart  (U.S.) 

34 

Skim  milk  powder 

1  lb. 

160 

Cheese  (cheddar) 

1  lb. 

1 14 

Eggs  (medium) 

1  doz. 

79 

Beans  (uncooked) 

1  lb. 

97 

Beef  (ribroast) 

1  lb. 

63 

Pork  Ham 

1  lb. 

U  J 

70 
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meat  substitutes  or  alternatives.  Foods  commonly  considered  to  be 
meat  alternates  are:  milk,  cheese,  eggs,  beans.  Before  such  advice 
is  provided  it  is  essential  to  know  the  amounts  of  protein  con¬ 
tained  in  purchase  units  of  these  foods  and  to  compare  the  protein 
contributions  in  terms  of  cost  (see  p.  107). 

If  retail  prices  in  the  community  are  known,  the  relative  econ¬ 
omies  of  these  various  sources  of  protein  can  be  calculated. 

In  many  countries  foods  of  animal  origin  are  not  available  to 
the  extent  found  in  America  or  in  Europe.  A  supply  of  protein, 
sufficient  in  amount  and  in  kind  to  furnish  essential  amino  acids 
is  a  serious  problem.  Soya  beans  have  been  proved  by  human  ex¬ 
perience  to  be  a  valuable  crop  to  provide  protein  of  fairly  good 
nutritive  value.  Dried  yeast,  rapidly  produced  in  warm  countries 
by  growth  in  sugar  cane  wastes,  has  been  recommended  to  provide 
supplemental  protein.  Many  people  experience  gastro  intestinal 
disturbance  if  more  than  an  ounce  of  dried  yeast  a  day  is  ingested. 
Moreover,  it  is  not  usable  except  when  mixed  with  palatable  foods. 
Skim  milk  powder  has  great  advantages  in  providing  protein  (and 
other  nutrients) ,  especially  for  children. 

Protein  Deficiency 

The  effect  of  a  lack  of  protein  and  of  deficiencies  of  individual 
amino  acids  has  been  studied  extensively,  both  experimentally  and 
clinically.  During  World  War  II,  observations  made  in  prisoner 
of  war  and  concentration  camps  have  added  a  large  amount  of 
information  about  protein  deficiency.  Consideiable  information 
accrued  also  from  studies  on  kwashiorkor,  a  disease  highly  preva¬ 
lent  in  Africa.  The  major  nutrition  problem  in  underdeveloped 
countries  is  the  provision  of  even  minimal  amounts  of  protein. 

An  insufficient  intake  of  protein  by  children  impairs  growth. 
In  children  and  adults  one  of  the  early  consequences  of  protein 
deficiency  is  fatigue  and  lassitude.  Continued  protein  lack  pro¬ 
duces  a  decrease  in  blood  protein,  edema  and  liver  damage.  It  was 
thought,  formerly,  that  the  hypoproteinemia  was  caused  by  a  lack 
of  protein  synthesis  due  to  an  insufficient  supply  of  ammo  acids. 
More  recently  it  has  been  claimed  that  there  is  a  failure  in  the 
process  which  regulates  the  concentration  of  protein  in  the  blood 
plasma.  Analytic  determination  of  plasma  proteins  is  a  useful 
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diagnostic  aid  for  the  detection  of  protein  deficiency.  This  pro¬ 
cedure  has  been  used  in  population  surveys  of  nutriture. 

An  early  explanation  of  the  production  of  edema  was  that  the 
decrease  in  plasma  protein  altered  the  intravascular  osmotic  pres¬ 
sure.  The  change  in  osmotic  pressure  was  assumed  to  account  for 
the  accumulation  of  water  in  the  tissues.  However,  correlation 
between  the  concentration  of  plasma  protein  and  the  appearance 
of  edema  has  not  been  found.  Now  it  is  assumed  that  an  imbalance 
of  hormones  is  involved. 

Kwashiorkor  is  primarily  a  disease  of  the  liver  due  to  subsistence 
on  cereal  foods  and  a  small  supply  of  protein.  The  name  means 
“red  boy,”  and  the  disease  was  so-called  because  of  a  characteristic 
dermatitis  which  is  associated  with  it.  Kwashiorkor  generally  oc¬ 
curs  when  the  food  intake  is  about  adequate  in  calories  but  is  low 
in  protein  and  in  the  vitamins  necessary  for  normal  protein  metab¬ 
olism.  Because  there  is  an  excess  accumulation  of  fat  in  the  liver, 
the  disease  was  thought  to  be  due  to  a  lack  of  the  lipotropic  fac¬ 
tor,  choline.  This  substance  has  not  been  found  therapeutically 
useful.  It  is  fairly  well  established  that  the  main  cause  is  a  lack  of 
essential  amino  acids.  The  best  preventive  measure  is  a  supply  of 
animal-source  protein;  milk  or  skim  milk  powder  is  particularly 
useful.  Milk  has  proved,  also,  to  be  valuable  in  therapy. 


SUM  MARY 


While  all  of  the  amino  acids  used  to  form  food  proteins  serve 
physiologic  purposes,  8  cannot  be  produced  in  the  body  and  must 
be  supplied  in  the  food  intake.  The  amount  of  ingested  protein 
should  be  sufficient  to  preserve  positive  nitrogen  balance,  to  sup¬ 
ply  the  amino  acid  demands  of  growth  when  that  process  is  occur¬ 
ring,  and  foods  should  be  selected  so  that  the  8  essential  amino 
acids  are  received  in  adequate  amounts.  A  minimal  requirement 
for  protein  in  adults  ranges  from  25  to  40  Gm.  a  day,  depending 
on  the  kinds  of  foods  eaten.  A  liberal  recommendation,  having  the 
advantage  of  safety,  is  1  Gm.  per  Kg.  of  body  weight  per  day.  Pro¬ 
portionately  larger  intakes  are  required  during  the  second  half  of 
pregnancy,  and  by  infants,  children  and  adolescents.  If  food  sup¬ 
plies  and  economic  circumstances  permit,  the  liberal  recommenda¬ 
tion  should  be  coupled  with  advice  that  at  least  one  third  of  the 
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protein  intake  should  be  obtained  from  foods  of  animal  origin 
to  ensure  a  supply  of  the  essential  amino  acids. 
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CHAPTER  7 


Nutrient  Elements 


INTRODUCTION 

In  the  discussion  of  carbohydrates,  fats  and  proteins  it  was 
explained  that  the  products  of  digestion  are  simpler  compounds 
than  those  ingested.  Even  those  compounds  which  are  absorbed 
are  fairly  complex.  The  body  utilizes  those  nutrients  as  com¬ 
pounds,  and  requirements  are  expressed  in  terms  of  compounds. 
Needs  are  not  stated  in  terms  of  the  elements  carbon,  hydrogen, 
or  nitrogen  (although  nitrogen  balance  is  considered).  There  are 
a  number  of  nutrients  which  are  considered  as  elements.  These 
are  not  present  in  foods  as  elements,  they  are  not  absorbed  as 
elements,  nor  do  they  function  as  such  in  the  body.  However, 
they  are  discussed  as  if  they  were  contained  as  elements  in  foods 
and  as  if  they  functioned  as  such. 

This  group  of  nutrients  contains  a  number  of  elements.  The 
principal  ones  are:  sodium,  potassium,  sulfur,  chloiine,  mag¬ 
nesium,  zinc,  cobalt,  iron,  copper,  calcium,  phosphorus,  fluorine, 
iodine.  For  some  of  these  (zinc,  cobalt,  copper,  fluorine)  theie 
is,  as  yet,  no  proof  of  human  need.  Several  species  of  animals 
are  known  to  require  cobalt  for  health.  Frequently,  in  discus¬ 
sions  of  human  nutrition,  consideration  is  concentrated  on  cal¬ 
cium,  phosphorus,  iron  and  iodine  because  more  information  is 
available  regarding  these  four.  Such  limited  discussion  gives  the 
impression  that  others  are  not  needed.  This  is  not  the  case. 

Several  names  have  been  used  for  the  nutrient  elements.  Often 
they  are  called  the  “inorganic”  nutrients  or  elements.  This  tends 
to  imply  that  these  elements  are  present  in  foods  or  utilized  in 
the  body  as  inorganic  compounds.  While  this  is  sometimes  true 
(e  g.,  sodium  chloride),  in  other  cases  it  is  not  factual.  A  com¬ 
monly  used  name  is  “mineral”  elements  or  nutrients.  This  also 
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gives  a  misleading  impression.  “Mineral”  is  correctly  applied  to 
a  substance  obtained  from  the  ground  by  mining.  Plants  obtain 
nutrients  from  the  soil,  and  they  are  passed  on  to  the  animals 
which  eat  the  plants,  but  the  process  is  not  regarded  as  a  mining 
operation.  In  this  book  the  term  “nutrient  elements”  will  be 
employed  because  it  is  simpler  and  less  misleading  than  “in¬ 
organic”  or  “mineral.” 

GENERAL  FUNCTIONS  OF  THE  NUTRIENT 

ELEMENTS 

Three  general  purposes  are  served  by  these  nutrients: 

1.  As  constituents  of  body  structures.  Calcium  and  phosphorus, 
combined  as  a  complex  calcium  phosphate,  give  rigidity  to  bones 
and  teeth. 

2.  As  components  of  essential  compounds  in  the  body.  Iodine 
is  a  constituent  of  the  thyroid  hormone.  Iron  is  an  essential 
constituent  of  hemoglobin  and  of  compounds  present  in  the 
cells  of  body  tissues. 

3.  As  constituents  of  compounds  serving  necessary  purposes 
in  body  fluids.  The  pH  of  body  fluids  is  partly  dependent  on 
carbonates  and  phosphates  of  sodium  or  of  potassium.  Calcium, 
present  in  the  fluid  bathing  nerve  tissues,  is  essential  for  nerve 
function.  As  a  constituent  of  blood,  calcium  is  necessary  for 
the  process  of  blood  clottino\ 
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Functions 

cem  nf  T°r,  °f  CaI,CiUm  in  the  averaSe  adult  is  about  2  per 
cent  of  the  body  weight.  Of  the  total  amount,  about  94  per  cent 

"JZZ  T  ,the,  b°neSi  3  C°mP,CX  phosphate  give! 

bodv  C  d  structures.  The  very  large  proportion  of  the 

■  y  cmm  Presem  ln  bones  may  give  the  impression  that 
calcium  serves  no  other  purpose.  There  is  a  fairly  constant  con 

r: lO^olr^Vom^oTbi  nrally’  •** 

serves  u  -  S‘  P  ‘  f  blood  serum-  The  blood  calcium 

serves  at  least  two  essential  purposes  Tt  „  r  m 

clotting  nroress  Tim  1  •  P  *  It  is  necessary  for  the 
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fluids  has  a  distinct  effect  upon  nerve  tissue.  If  the  blood  calcium 
is  reduced,  the  irritability  of  the  nerves  is  increased;  low-calcium 
tetany  with  possible  convulsions  is  the  result  of  a  marked  de¬ 
crease  in  blood  calcium.  On  the  other  hand,  an  increase  in  blood 
calcium  above  the  normal  range  causes  a  depression  in  nerve 
irritability.  One  other  function  served  by  calcium  is  similar  to 
that  in  bones:  a  complex  calcium  phosphate  is  the  basis  of  the 
hardness  of  teeth. 


Absorption  and  Utilization 


A  number  of  factors  influence  the  absorption  of  calcium  from 
the  gastro-intestinal  tract.  Of  these  various  factors  the  most  im¬ 
portant  is  the  need  of  the  body  for  calcium.  This  is,  of  course, 
similar  for  other  nutrients.  Macy1  has  reported  that  boys,  previ¬ 
ously  saturated  with  calcium,  retained  a  much  smaller  proportion 
of  a  subsequent,  standardized  intake,  than  did  those  who  had 
subsisted  on  a  small  intake.  A  concordant  observation  was  made 
on  Ceylonese  children  by  Nicholls  and  Nimalasuriya.2  The  more 
efficient  absorption  of  calcium  (and  of  other  nutrients)  from 
small  intakes,  and  in  persons  habituated  to  such  intakes,  is  of 


practical  importance  in  areas  where  food  supplies  are  meager. 
The  absorption  of  calcium  is  improved  by  vitamin  D,  by  citric 
acid  (as  from  citrus  fruit),  and  by  acidification  of  lood  in  the 
stomach.  Two  constituents  of  some  foods  have  an  adverse  effect 
on  calcium  absorption.  Oxalic  acid,  present  in  rhubarb,  spinach 
and  some  other  foods,  forms  insoluble  calcium  oxalate;  the 
absorption  of  the  calcium  combined  with  the  oxalic  acid  is  pre¬ 
vented.  This  is  not  of  real  significance  in  persons  with  liberal 
calcium  intakes,  particularly  since  the  consumption  of  oxalic 
acid-rich  foods  is  not  large.  Phytic  acid,  a  compound  of  inositol 
and  phosphoric  acid  found  in  cereal  grains,  similarly  forms  an 
insoluble  salt  with  calcium.  Phytic  acid  is  contained  mainly  in 
the  outer  husk  of  cereal  seeds;  whole  wheat  bread  contains  more 
phytic  acid  than  white  bread.  In  Great  Britain  during  World 
War  II  a  calcium  salt  was  added  to  high  extraction  flour  to  com¬ 
pensate  for  the  effect  of  phytic  acid.  It  was  claimed  by  Edward 
Mellanby3  that  oatmeal  was  rachitogenic.  Latent  was  reaped 
that  phytic  acid  in  the  oatmeal  was  responsible  for  the  pioduc 
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Fig.  7.  Utilization  of  calcium. 


tion  of  rickets  in  experimental  animals.4  As  in  the  case  of  oxalic 
acid,  a  harmful  effect  of  phytic  acid  in  the  food  intake  can  be 
neutralized  by  a  liberal  supply  of  calcium. 

Absoiption  of  calcium  occurs  only  in  the  small  intestine.  Ab¬ 
sorbed  calcium  enters  the  blood  stream  and  is  withdrawn  from 


the  blood  by  teeth  during  growth  of  those  structures  and  by  the 
bones  at  any  age.  Incorporation  of  calcium  into  teeth  and  bones 
is  influenced  markedly  by  ascorbic  acid  and  vitamin  D.  Bone 
calcium  is  in  a  state  of  dynamic  interchange  with  the  calcium  in 
ood  serum.  To  maintain  a  fairly  constant  serum  level,  calcium 
may  be  withdrawn  from  the  bones,  and  such  removal  is  brought 
about  by  the  parathyroid  hormone.  Calcium,  once  incorporated 
m  teeth,  is  static.  Figure  7  shows  in  simplified  form  the  main 
pathways  of  calcium  metabolism.  In  adults,  at  least,  the  amount 

cc-nT  rT  eXr,,eted  lhe  Urille  averaSes  about  20  to  25  per 

urina'  v  'lr"11  ‘N‘“h'ySen  a,  !">  •  *  given  individual  the 

"'ary  calcium  is  fairly  constant,  and  the  amount  appears  to  be 

average ’cab  '>y  *"  endogenous'  PerhaPs  hormonal,  factor.  An 

sen  and  assn  ”,  eXCrC‘‘°n  ln  the  unne  was  reported  by  Nicolay- 
assocates  to  be  about  175  mg.  a  day.  The  urinary  cal- 
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cium  is  a  loss,  of  course,  of  previously  absorbed  calcium.  A  con¬ 
siderable  amount  of  calcium  is  excreted  in  the  feces,  even  in 
persons  having  a  very  low  intake.  While  the  feces  will  contain 
any  calcium  which  has  not  been  absorbed,  there  is  an  appreciable 
loss  of  calcium  from  the  body  through  the  intestines.  The  diges¬ 
tive  juices  are  at  least  one  pathway  for  such  loss.  Various  body 
fluids,  including  the  digestive  juices,  contain  calcium;  the  amount 
in  such  fluids  keeps  pace  with  the  level  in  the  blood  serum.  As 
noted  above,  the  serum  calcium  is  maintained  at  a  fairly  constant 
level  by  the  hormone  secreted  by  the  parathyroid  glands.  The 
incorporation  of  calcium  into  the  bones  (and  into  the  teeth)  is 
affected  by  at  least  3  vitamins  (A,  D,  ascorbic  acid) .  Of  these 
vitamins,  D  is  thought  to  be  particularly  influential.  While  the 
dynamic  status  of  calcium  in  the  bones  has  been  established 
clearly,  a  similar  situation  does  not  exist  in  the  teeth.  Calcium 
cannot  be  withdrawn  in  any  significant  amount  from  a  mature 
tooth.  The  old  saying,  “a  tooth  for  a  child,”  has  no  scientific 
foundation.  Even  in  pregnancy  when  there  may  be  a  large  de¬ 
mand  for  calcium  by  the  fetus,  the  mother’s  teeth  cannot  be 
robbed. 

While  many  of  the  mechanisms  involved  in  calcium  metabo¬ 
lism  remain  obscure,  several  practical  points  may  be  stressed: 

(1)  the  amount  absorbed  is  largely  dependent  upon  body  need; 

(2)  the  calcium  in  bones  may  be  augmented  or  depleted  to  main¬ 
tain  a  constant  blood  level;  (3)  calcium  is  lost  through  the 
kidneys  and  the  intestines,  the  latter  loss  being  due  in  part  to 
the  calcium  carried  by  the  digestive  juices. 


Requirements 

During  the  period  when  bone  growth  is  taking  place,  sufficient 
calcium  is  required  to  permit  optimal  calcification.  In  adults  the 
intake  should  be  sufficient  to  prevent  a  negative  balance.  Severa 
types  of  studies  have  been  done  to  secure  information  regarding 
calcium  requirements.  Most  studies  on  children  have  been  de¬ 
signed  to  ascertain  the  intakes  which  would  give  maximal  reten¬ 
tion.  It  is  not  certain  that  maximal  retention,  optima  gr°w 
and  optimal  health  are  synonymous.  Balance  studies  on  a  L> 
have  been  done  to  determine  intakes  which  would  ensure  posi- 
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tive,  or  at  least  non-negative,  balance.  In  some  investigations, 
particularly  early  ones,  little  or  no  attention  was  paid  to  the 
effects  of  vitamin  D  (and  ol  other  factors)  on  calcium  absorp¬ 
tion  and  utilization.  The  influence  of  calcium  nutriture,  previous 
to  the  study,  has  been  considered  only  seldom.  It  would  be  ex¬ 
pected  that  studies  done  on  subjects  having  had  a  high-calcium 
intake  previously  would  show  comparably  small  absorption.  As 
a  reason  for  liberal  intakes  of  calcium,  the  work  of  Sherman  and 
associates  is  cited  frequently.  They  found0  that  addition  of  cal¬ 
cium  to  a  diet  which  may  not  have  been  adequate  increased  longev¬ 
ity  in  rats.  However,  these  investigators  found  later7  that  calcium 
supplementation  of  a  “very  good  diet”  had  no  effect.  It  has  been 
the  custom  in  the  United  States  and  Canada  to  recommend  intakes 
of  calcium  which  are  unobtainable  in  some  other  countries  and 
may  not  be  needed.  While  precise  information  on  calcium  re¬ 
quirements  is  not  available,  it  seems  clear  that  the  need  for  cal¬ 
cium  is  greater  when  bone  growth  is  taking  place.  The  intakes 
should  be  greater  during  the  latter  part  of  pregnancy,  in  infancy, 
childhood  and  adolescence.  Information  regarding  these  needs 
and  those  of  adults  will  be  considered  separately. 

Adults.  Of  numerous  studies  giving  a  wide  range  of  results, 
several  indicating  marked  differences  will  be  cited.  Outhouse 


et  stu clied  calcium  balances  in  small  groups  of  American 
adults  and  stated  that  requirements  ranged  from  506  to  981  mg. 
daily.  It  is  not  known  whether  the  subjects  had  subsisted  on  gen¬ 
erous  intakes  previous  to  the  experimental  period.  Since  the 
absorption  of  calcium  from  milk  during  the  study  was  15  to 
per  cent’  k  is  probable  that  the  subjects  were  adapted  to  a 
generous  intake  and  needed  comparatively  small  absorption 

thC  °*er  extreme’  HeS^ed  et  a l.9  reported  requirements  as 
W  as  200  mg.  a  day  for  Peruvians  who  presumably  were  ac¬ 
customed  to  low  intakes.  The  United  States  Food  and  Nutrition 
,  has  recommended™  an  intake  of  0.8  Gm.  daily  for  men 

in,!  rT  (eXCC|'!  dUring  pregnancy  and  lactation)  In  mak- 

for  this  rr"at,0n  h  Stated'  "The  l,asic  assumption 
shou I  n  n  mren  "°n  WaS  th‘“  tl,e  adult  calcium  allowance 

but  delirnbimV3  dUm  eqUilibriUm  ‘'"''-“Shout  adulthood, 

y  o  continued  calcium  storage  after  comple- 
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tion  of  growth  is  a  matter  of  conjecture.”  The  calcium  recom¬ 
mendations  of  the  Canadian  Council  on  Nutrition11  are  varied 
with  body  weight.  For  persons  of  different  weights,  calculations 
are  made  on  a  basis  of  0.01  Gm.  calcium  per  Kg.  of  body  weight; 
an  adult  weighing  120  lbs.  (55  Kg.)  is  said  to  need  0.55  Gm. 
calcium  per  day,  while  one  weighing  180  lbs.  (80  Kg.)  is  assumed 
to  need  0.80  Gm.  daily.  It  is  doubtful  if  present  information 
warrants  the  precision  assumed  in  these  recommendations.  The 
United  States  and  Canadian  recommendations  stipulate  calcium 
intakes  of  0.6  to  0.8  Gm.  daily.  Such  intakes  can  be  attained  in 
both  countries.  They  are  generous,  but  there  is  no  evidence  that 
they  might  be  physiologically  harmful.  It  is  conceivable  that 
smaller  intakes,  even  down  to  0.20  Gm.  daily,  might  be  sufficient 
for  adults  who  are  adapted  to  such  intakes. 

Pregnancy.  There  is  practically  no  calcium  retention  in  the 
fetus  during  the  first  half  of  pregnancy,  and  most  of  the  accumu¬ 
lation  occurs  in  the  last  2  months.  Data  regarding  the  calcium 
retention  by  the  fetus  were  reviewed  by  Garry  and  Stiven  in 
1936, 12  and  any  subsequent  information  has  not  altered  the  in¬ 
terpretation.  The  amount  of  calcium  in  the  average  fetus  at 
birth  has  been  estimated  to  be  from  24  to  30  Gm.  Most  of  this 


is  deposited  in  the  last  2  months  of  intra-uterine  life.  The  avei- 
age  deposition  per  day  during  those  2  months  is  0.3  Gm.  There 
is  considerable  evidence  that  the  mother  can  also  store  calcium, 
presumably  in  the  trabeculae  of  the  bones,  if  the  intake  is  suffi¬ 
cient.  Such  storage  is  held  to  be  physiologic  in  preparation  for 
the  production  of  milk.  This  storage,  probably  desirable,  is  pos¬ 
sible  only  if  the  mother’s  intake  is  more  than  sufficient  to  meet 
her  endogenous  need  plus  the  requirement  of  the  fetus.  It  is,  of 
course,  the  case  that  the  fetus  is  a  parasite,  obtaining  its  nee 
for  calcium  (and  other  nutrients)  from  the  mother.  A  very  low 
maternal  intake  of  calcium  will  lead  to  withdrawal  Irom  mater¬ 
nal  bones  to  supply  the  fetus.  It  is  desirable  that  the  mothers 
intake  be  sufficient  to  meet  her  need,  that  of  the  fetus,  and  suffi¬ 
cient  to  permit  some  storage  for  lactation.  An  estimate  of  feta 
need  during  the  second  half  of  pregnancy,  or  at  least  during  t  le 
last  2  months,  is  0.3  Gm.  daily;  a  suitable  allowance  for  s‘ora§ 
is  0.3  Gm.  a  day.  The  sum  of  these  (0.6  Gm.)  must  be  added  to 
the  need  of  the  mother  to  mamta.n  balance  (0.2-0.8  Gm.) . 
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total  daily  requirement  is  thus  0.8  Gm.  on  a  minimal  basis  and 
1.4  Gm.  on  a  generous  basis.  The  amount  stated  in  United  States 
Recommended  Allowances  is  1.5  Gm.,  and  the  Canadian  Dietary 
Standard  gives  about  the  same  although  adjustments  are  made 
for  body  weight.  These  recommendations  are  generous  and  are 
suitable  for  use  in  countries  where  ample  food  supplies  are 
available.  It  is  lilcely  that  fetal  need  can  be  met  and  the  mother 
remain  in  balance  if  the  intake  during  the  second  half  of  preg¬ 
nancy  is  about  1.0  Gm.  a  day. 

Lactation.  The  calcium  content  of  human  milk  is  variable  and 
is  partially  dependent  on  the  calcium  intake  of  the  mother.  The 
amount  contained  in  a  day’s  secretion  of  milk  is  likely  to  range 
from  0.1  to  0.3  Gm.  The  efficiency  of  transfer  from  maternal 
blood  to  milk  is  not  known.  However,  it  is  safe  to  assume  that 
about  0.3  Gm.  is  withdrawn  daily  for  milk  production.  One  of 
the  few  studies  on  calcium  metabolism  during  lactation  is  that 
of  Macy  et  al.  (see  Afacy  and  Hunscher1*) .  On  the  basis  of  those 
studies  an  intake  much  greater  than  0.3  Gm.  a  day  is  necessary 
to  maintain  balance.  An  approximately  desirable  intake  is  from 
1.0  to  2.0  Gm.  daily  to  meet  the  endogenous  need  of  the  mother 
plus  the  amount  required  for  milk  production.  In  the  United 
States  Recommended  Allowances  the  suggested  intake  during 
actation  is  2.0  Gm.  daily,  and  in  the  Canadian  Dietary  Standard 
1.4  to  1.8  Gm.,  depending  on  body  weight.  While  there  may  be 
some  disagreement  in  recommendations  regarding  a  desirable  in- 
ta  e,  there  is  no  doubt  that  a  lactating  woman  should  have  an 
appreciable  increase  in  calcium  supply. 

ahIntar2!'  S!earml<  has  rePorted  that  a  young  baby  ingesting 

out  ml.  of  human  milk  daily  receives  about  200  mo-  Cal- 

iZ't  rht,CaIln°  CaldUm  appears  in  ,he  urine  ot  such  an 
50  Z'  r  'r  ,  "!f  may  be  excrete(1  hi  the  feces,  and  about 

conZauemT  V  I"  'f"U-  WUh  inCTeased  milk  consumption 
200  me  .-dr  gr°".'h’  the  l>aby  of  8  months  will  retain  about 

Z  mfake  a  T.h  Y'  ^  ^  “  fed  u"di|uted  «"'•  milk, 

«  much  neater.  The 
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tion  that  the  greater  calcium  retention  provided  by  cow’s  milk 
is  desirable  for  healthy  growth. 

Childhood.  In  children  under  5  years  there  are  not  pro¬ 
nounced  gains  in  weight  and  height.  After  reviewing  available 
information.  Holmes15  estimated  that  an  intake  of  about  500 
mg.  daily  would  be  sufficient,  even  if  only  20  per  cent  of  the 
intake  was  utilized.  It  should  be  noted  that  absorption  of  cal¬ 
cium  is  less  efficient  when  the  intake  is  generous.  After  5  years 
the  calcium  need  increases,  and  a  suitable  intake  for  children 
12  to  13  years  of  age  may  be  800  mg.  daily.  This  intake  also  is 
based  on  comparatively  inefficient  utilization.  In  the  United 
States  Recommended  Allowances  and  in  the  Canadian  Dietary 
Standard,  recommended  intakes  for  children  of  1  to  9  years  of 
age  are  1.0  Gm.  daily.  This  is,  again,  a  generous  recommenda¬ 
tion  which  can  be  attained  in  some  countries  and  not  in  others. 

Adolescence.  At  puberty  there  is  a  marked  acceleration  of 
growth,  and  the  need  for  calcium  is  increased  considerably. 
While  the  pubertal  rapid  growth  may  begin  about  13  years  of 
age  in  most  boys,  it  may  commence  at  10  or  11  years  of  age  in 
some  boys  and  may  be  delayed  in  others  to  15  years  of  age.  In 
general  the  period  of  rapid  growth  begins  2  years  earlier  in  girls 
and  ceases  2  years  earlier  than  in  boys.  Holmes15  has  estimated 
that  the  calcium  intake  should  be  about  1.1  Gm.  daily  during  the 
pubertal  period  of  rapid  growth.  All  available  evidence  shows 
that  the  calcium  need  during  adolescence  is  greater  than  at  any 
other  time  (except  the  needs  of  expectant  and  nursing  mothers) . 
The  intakes  advised  in  the  United  States  Recommended  Allow¬ 
ances  are  1.2  to  1.4  Gm.  daily  for  boys  10  to  20  years  of  age  and 
1.2  to  1.3  Gm.  daily  for  girls  of  the  same  age  range.  The  Cana¬ 
dian  Dietary  Standard  gives  a  recommendation  of  1.5  Gm.  daily 
for  boys  13  to  15  years  of  age  and  for  girls  12  to  14  years  of  age. 
While  there  may  be  some  disagreement  regarding  the  amount 
to  be  recommended,  there  is  a  general  agreement  that  calcium 
needs  increase  at  puberty  and  that  intakes  should  be  augmented. 

Food  Sources 

The  amount  of  calcium  in  some  frequently  used  foods  is 
shown  in  Table  8.  The  values  have  been  taken  from  Compost - 
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Table  8.  Calcium  Content  of  Average  Servings  of 
Some  Common  Foods 


Food 

Serving 

Calcium  Content 
(Grams) 

Cow’s  milk,  whole 

1  U.S.  pint 

0.58 

Cow’s  milk,  whole 

1  Imp.  pint 

0.70 

Cow’s  milk,  whole 

1  cup  (8  oz.) 

0.29 

Cow’s  milk,  skim 

1  U.S.  pint 

0.60 

Cow’s  milk,  skim 

1  Imp.  pint 

0.72 

Cow’s  milk,  skim 

1  cup  (8  oz.) 

0.30 

Cow’s  milk,  dry  skim 

1  tablespoon  (7.5  G 

m.)  0.10 

Goat’s  milk 

1  cup  (8  oz.) 

0.32 

Cheese,  Cheddar 

1  in.  cube  (1  oz.) 

0.21 

Cheese,  cream 

1  oz. 

0.10 

Cheese,  cottage 

Bread,  white,  enriched 

1  oz. 

0.03 

2%  milk  solids 

1  slice  (23  Gm.) 

0.02 

Cauliflower,  cooked 

1  cup  (120  Gm.) 

0.03 

Beans,  snap,  cooked 

1  cup  (125  Gm.) 

0.05 

Cabbage,  cooked 

1  cup  (170  Gm.) 

0.08 

Orange,  medium 

215  Gm. 

0.05 

tion  of  loads,  United  States  Department  of  Agriculture  Hand¬ 
book  No.  8  (1950) . 

Of  .adorn  foods  used  by  most  people  in  the  United  States 
d  Canada  only  two  are  excellent  sources  of  calcium:  milk  and 

exam",'  t  ““y  °d>er  f°°ds  contai"  -nail  amounts.  An 
xammat.on  of  various  sources  of  nutrients  available  to  the 

Canadian  population  in  1950  showed  that  82  per  cent  of  the 
‘  °£  in  all  foods  was  provided  by  dairy  prod! 

‘  ’  ex°fnding  butter.16  The  intake  of  calcium  cannot  be  tren 

are  us'ed  Heberan.iriftateSfand  l",leSS  a"d/OT  cheese 

Of  milk  k  FT  r  1S  °ften  assumed  that  the  calcium  content 
McHenry11  that  ^here8'3''^  U.WaS  shown  by  Semmons  and 
noted  that  *7*  * 

frequently  as  a  low-fat  cheese-  it  js°a  ^  ‘  *S  recommended 

WMfemifkismcom^^S^r^on. 
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tribution  of  calcium,  protein  and  riboflavin.  Expectant  mothers 
may  not  use  sufficient  milk  to  augment  the  supply  of  calcium 
properly.  In  place  of  properly  educating  the  mothers,  an  ob¬ 
stetrician  may  prescribe  calcium  gluconate,  or  some  other  cal¬ 
cium  preparation.  Calcium  is  generally  twice  as  expensive  from 
calcium  gluconate  as  from  milk,  and  the  drug  does  not  provide 
the  protein,  the  riboflavin  and  other  nutrients  furnished  by  milk. 

The  modern  status  of  the  dairy  industry  in  the  United  States 
and  Canada  has  resulted  from  nutritional  recommendations  to 
the  public  to  drink  milk  and  to  use  dairy  foods.  There  is  no 
doubt  that  dependence  must  be  placed  on  milk  and  cheese  to 
furnish  the  generous  intakes  of  calcium  commonly  recommended. 
It  is  debatable,  however,  whether  large  intakes  of  milk  are  al¬ 
ways  advisable  or  necessary.  Mothers  are  frequently  told  to  pro¬ 
vide  a  quart  of  milk  a  day  for  children.  Adolescents,  particularly 
teen-age  boys,  can  easily  drink  a  quart  of  milk  a  day  and  have 
ample  room  for  other  needed  foods.  That  is  not  always  true  of 
younger  children.  Those  of  5  or  6  years  of  age  may  not  be  able 
to  consume  other  foods  in  proper  amounts  if  they  are  filled  with 
milk.  If  given  considerable  milk  at  the  start  of  a  meal,  a  young 
child  who  is  fond  of  milk  may  drink  so  much  that  he  has  no 
appetite  for  the  rest  of  the  meal.  The  standard  advice  of  “a 
quart  a  day”  should  be  questioned  when  applied  to  children 
and  to  adults  other  than  expectant  and  nursing  mothers.  The 
advice  can  be  justified  on  the  basis  of  calcium  requirements  only 
for  adolescents,  pregnant  and  lactating  women.  If  a  child  in  the 
United  States  and  Canada  is  eating  a  customary  assortment  o 
foods,  he  is  likely  to  receive  a  total  of  0.2  Gm.  calcium  from  a 
foods  other  than  milk  and  cheese.  One  ounce  of  cheese,  gen¬ 
erally  a  cheaper  source  of  calcium  and  protein  than  milk,  wi 
provide  another  0.2  Gm.  for  a  total  of  0.4  Gm.  The  balance,  0. 
Gm,  needed  to  ensure  an  intake  equal  to  the  customary  recom¬ 
mendation  of  1.0  Gm.,  can  be  furnished  by  1  pint  (U.S.  or  m- 

PC?he  only  safe  method  of  preventing  milk-borne  infection  is 

by  properly  conducted  pasteurization.  This  process,  suita  y 

P  *  q  .  nnt  reduce  the  calcium  content 

done  in  modern  equ.pment,  does  not  reduce  tne  c 

of  milk  (nor  does  it  reduce  the  nutr.ttve  value  generally) .  A 
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calcium  deficiency  is  likely  to  be  less  harmful  than  undulant 
fever  or  tuberculosis,  both  of  which  can  be  induced  in  humans 
by  the  use  of  raw,  infected  milk. 

So  much  emphasis  has  been  placed  on  the  use  of  milk  in  the 
United  States  and  Canada  that  it  is  difficult  to  realize  that  these 
countries  are  unusually  favored  with  large  supplies  of  milk. 
Many  other  countries  are  much  less  fortunate.  However,  some 
foods  used  elsewhere  partially  compensate  for  the  lack  of  milk. 


Cheese  may  be  used  much  more  liberally  than  in  North  America. 
The  toitilla,  described  as  the  daily  bread  of  Mexico,  was  shown 
by  Ciavioto  et  al.1H  to  be  a  remarkably  good  source  of  calcium. 
Corn  is  steeped  in  lime  solution  in  the  initial  stage  of  making 
tortillas.  An  average  daily  consumption  of  280  Gm.  of  tortilla 
provides  about  0.5  Gm.  calcium  (roughly  equal  to  that  contained 
in  2  cups  of  milk) .  Crude  molasses  and  crude  sorghum  syrup  are 
2  other  foods  that  contain  appreciable  calcium.  Low-fat  soy  meal 
contains  0.25  Gm.  calcium  per  100  Gm.  The  ingestion  of  the 
bones  of  cooked  fish  gives  a  markedly  high  intake  of  calcium 
(100  Gm.  cooked  fish  may  contain  2.2  Gm.  calcium  if  the  bones 
are  eaten) .  These  few  examples  show  that  food  practices  in  other 
countries  may  enable  people  to  obtain  calcium  from  sources  not 
familiar  in  the  United  States  or  Canada.  In  addition,  it  should 
Je  noted  that  calcium  is  likely  to  be  absorbed  more  efficiently 
rom  small  intakes  if  the  consumers  are  in  need  of  calcium  and 
are  adapted  to  low  intakes. 


rrlUSPHORUS 

Functions 
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of  carbohydrates  but  also  in  that  of  proteins  and  fats.  Those 
vitamins  which  have  been  shown  to  be  concerned  with  enzyme 
systems  must  first  be  phosphorylated.  Phosphorus-containing  fats, 
the  phospholipids,  are  essential  components  of  many  cells  and 
also  serve  as  vehicles  for  the  transport  of  fatty  acids.  A  failure 
in  phospholipid  formation  in  the  liver,  as  can  be  caused  by  a 
choline  deficiency,  leads  to  an  abnormal  accumulation  of  fats  in 
the  liver  because  transport  has  been  impeded. 

Absorption  and  Utilization 

Phosphorus  is  contained  in  foods  in  a  variety  of  organic  and 
inorganic  compounds.  It  is  thought,  generally,  that  phosphorus 
is  set  free  in  rather  simple  inorganic  compounds  for  absorption 
and  that  such  liberation  is  accomplished  by  phosphatases  in  the 
gastro-intestinal  tract.  Information  on  the  absorption  of  phos¬ 
phorus  in  humans  is  meager.  Perhaps  about  70  per  cent  of  in¬ 
gested  phosphorus  is  absorbed.  The  balance  appears  in  the  feces, 
together  with  an  undefined  amount  of  excreted  phosphorus. 
Phosphorus  also  is  found  in  the  urine.  The  amount  of  urinary 
phosphorus  is  decreased  after  carbohydrate  is  ingested  and  is 
increased  when  catabolism  is  predominant,  as  in  starvation.  The 
absorption  of  phosphorus,  like  that  of  calcium,  is  improved 
markedly  by  availability  of  vitamin  D.  The  absorption  and  the 
utilization  of  phosphorus  and  calcium  are  dependent  on  the 
ratio  of  the  amounts  of  the  2  nutrients  in  ingested  food.  For 
optimal  absorption  the  amounts  of  the  2  elements  in  the  food 
supply  should  be  about  equal. 

For  incorporation  into  bone,  phosphorus  must  be  available  in 
inorganic  form.  It  is  set  free  from  organic  compounds  by  a 
phosphatase  which  is  most  active  at  pH  9  and  hence  is  calle 
alkaline  phosphatase.  This  enzyme  is  present  in  bone  and  in 
blood  serum.  The  amount  in  serum  is  altered  by  a  variety  o 
conditions.  A  deficiency  of  vitamin  D  and  the  consequent  d e ve  - 
opment  of  rickets  causes  an  increase  in  serum  phosphatase  T  is 
increase  has  been  used  as  evidence  for  the  presence  of  mild  rick¬ 
ets  in  surveyed  population  groups. 
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Requirements 

Since  practically  no  information  about  human  requirements 
for  phosphorus  is  available,  usually  the  subject  is  dealt  with  by 
two  statements.  The  phosphorus  intake  should  be  about  equal 
to  that  of  calcium.  On  this  basis,  recommendations  for  suitable 
intakes  of  calcium  are  also  used  for  phosphorus.  Secondly,  the 
matter  is  dismissed  by  the  statement  that  phosphorus  is  distrib¬ 
uted  widely  in  foods  and  is  not  likely  to  be  deficient.  While  both 
statements  appear  to  be  true,  they  do  not  contribute  to  knowl¬ 
edge  of  phosphorus  requirements.  In  discussing  existing  evi¬ 
dence,  the  United  States  Food  and  Nutrition  Board19  said  that 
“phosphorus  allowances  should  be  at  least  equal  to  those  for 
calcium  in  the  diets  of  children  and  of  women  during  the  latter 
part  ol  pregnancy  and  during  lactation.”  It  was  concluded  that 
phosphorus  allowances  should  be  approximately  1  times  those 
for  calcium  for  other  adults.  The  Canadian  Council  on  Nutri¬ 
tion-0  recommended  that  the  intake  of  phosphorus  should  ap¬ 
proximately  equal  that  of  calcium. 


roon  Sources 

It  is  generally  stated  that  foods  which  are  good  sources  of  cal¬ 
cium  and  protein  are  also  good  sources  of  phosphorus.  Dietary 
deficiencies  of  phosphorus  are  thought  to  be  unlikely.  The 
phosphorus  contributions  in  average  servings  of  some  frequently 
used  foods  are  given  in  Table  9.  Data  have  been  taken  from 
Composition  of  Foods,  United  States  Department  of  Agriculture 
Handbook  No.  8. 

It  is  evident  that  milk  and  cheese  are  good  sources  of  phos- 
piorus,  as  they  are  of  calcium.  Protein-rich  foods,  such  as  meat 
'  ’  e®S'  f6  excellent  sources  of  phosphorus.  So  far  as  is  known’ 
the  phosphorus  content  of  such  foods  is  absorbed  efficiently 
Phosphorus  contents  of  cereals,  particularly  whole  grain  prod¬ 
ucts,  can  be  nusleading.  A  considerable  proportion  of  the  phos- 
phorus  m  ran  and  cereal  products  genera,,;  is  present  in  ph  Uc 
“  ’  the  ‘l,scusslon  of  calcium  absorption  (p.  114)  t  was 

pom.  i  „  t  th  phytic  acid  can  combinPe  with('calchl  „  “  2 

gastrointestinal  tract  to  form  an  insoluble,  indigestible  com- 
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Table  9.  Phosphorus  Supplied  by  Average  Servings  of 

Common  Foods 


Food 

Serving 

Phosphorus  Content 
(Grams) 

Cow’s  milk,  whole  or  skim 

1  cup  (8  oz.) 

0.23 

Cheese,  cheddar 

1  in.  cube  (1  oz.) 

0.14 

Bread,  white,  enriched 

2%  milk  solids 

1  slice  (23  Gm.) 

0.02 

Bread,  whole  wheat 

1  slice  (23  Gm.) 

0.06 

Beef,  rib  roast,  without  bone 

3  oz. 

0.16 

Bran  flakes 

1  cup  (40  Gm.) 

0.25 

Cabbage,  cooked 

1  cup  (170  Gm.) 

0.05 

Eggs 

1  medium 

0.10 

Oatmeal,  cooked 

1  cup  (23b  Gm.) 

0.16 

Pork  ham,  cooked 

3  oz. 

0.20 

Rice,  white,  cooked 

1  cup  (168  Gm.) 

0.08 

Salmon,  canned 

3  oz. 

0.29 

pound.  Even  without  such  combination,  the  digestibility  of 
phytic  acid  and  the  availability  of  its  phosphorus  are  doubtful. 

While  phosphorus  deficiency  in  humans  is  held  to  be  unlikely, 
the  syndrome  has  been  seen  in  farm  animals  in  areas  having  a 
low  content  of  phosphorus  in  the  soil.  As  in  the  case  of  calcium 
and  other  nutrient  elements,  the  amount  of  phosphorus  in 
cereals,  vegetables  and  grass  is  dependent  upon  the  phosphorus 
content  of  the  soil.  A  review  of  the  occurrence  of  soil  and  fodder 
deficiencies  with  consequent  effects  on  animals  was  prepared  by 
Beeson  in  1945.21  In  cattle,  phosphorus  deficiency  causes  a  de¬ 
crease  and  a  distortion  in  appetite,  as  shown  by  an  urge  to  eat 
bones,  wood,  clothing  and  other  unusual  substances.  As  would 
be  expected,  emaciation  results.  In  various  parts  of  the  world, 
phosphorus  deficiency  has  caused  deaths  in  grazing  animals,  even 
when  forage  was  abundant  and  visibly  satisfactory.  Phosphorus 
deficiency  has  not  been  seen  to  any  real  extent  in  humans. 
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Functions 

An  average  man  contains  about  4.5  Gm.  of  irom  Most  ol  this 
is  present  in  the  blood  pigment,  hemoglobin,  which  holds  73  pe 
cent  of  the  total  amount.  About  3  per  cent  is  found  in  myoglobin 
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in  muscles  and  in  tissue  enzymes  such  as  the  cytochromes,  per¬ 
oxidase  and  catalase.  If  the  amount  of  iron  in  the  body  is  nor¬ 
mal,  about  24  per  cent  will  be  in  storage  in  the  liver,  bone 
marrow  and  the  spleen. 

4  he  normal  content  of  iron  in  whole  blood  is  from  40  to  50 
mg.  per  100  ml.  Practically  all  of  this  iron  is  in  hemoglobin, 
which  is  an  iron-porphyrin  (heme)  -protein  complex.  Hemo¬ 
globin  combines  reversibly  with  oxygen  in  the  lungs  and  gives 
up  most  of  the  oxygen  to  the  various  tissues.  Hemoglobin  is  the 
transport  arrangement  for  oxygen,  distributing  it  from  the  lungs 
to  all  tissues.  In  the  muscles,  oxygen  passes  from  hemoglobin  to 
another  heme  protein,  myoglobin,  which  serves  as  an  oxygen 
carrier  and  reservoir.  Oxygen  is  delivered  by  myoglobin  to  the 
cytochrome  system  which  is  involved  in  energy  production.  Iron 
ts  present  in  2  cellular  enzymes,  catalase  and  peroxidase,  the 
unctions  of  which  are  not  clear  at  present.  It  is  evident  that  iron 
serves  as  an  essential  constituent  of  the  body  components  which 
transport  oxygen,  both  in  the  blood  and  in  the  cells 


Absorption  and  Utilization 

The  iron  present  in  foods  may  be  divided  into  the  portion 

remainder  t,?"  im°  io"ized  to™  b?  acids  and  the 

ainder.  The  nomomzable  iron  is  firmly  bound  in  organic 

mpounds,  such  as  porphyrins,  from  which  iron  cannot  be  set 

ee  by  dilute  acids.  For  some  years  it  was  believed  that  only  the 

LT . . ? 

“avail-ihlp  ”  ,  •  portion  of  food  iron  was  described  as 

by,:;  c”emical  a 

the  total  amounts  of  iron  in  fo^l  and  ThT 

were  “available."  There  is  ample  evidence tKfc 
untenable.  In  fact  ii  t  mat  thls  concept  is 

theory  was  initiated  ha,  even  before  the  “available” 

from  ingested  iron  ‘  d  “““"S  iron  co“hl  absorb  it 

determined  by  a  numbe^of  e  absorPtlon  iron  from  food  is 

the  foot!  is  not  involve!,  the  ^emical  nature  of 

In  apparent  contradiction  nf  i 

dence23  that  ferrous  iron  is  ahs  i  i  sentence-  ‘here  is  evi- 

■ron  ,s  absorbed  more  readily  than  is  ferric 
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iron.  Present  in  digestive  fluids  and  set  free  from  foods  during 
digestion  there  are  a  number  of  reducing  substances  which  can 
reduce  ferric  iron  to  the  ferrous  form.  Ascorbic  acid  and  sulf- 
hydryl  compounds  are  examples  of  such  reducing  substances. 
The  conversion  of  ferric  iron  is  aided  by  the  normal  acidity  of 
gastric  juice.  Iron  can  form  insoluble  compounds  with  either 
phosphates  or  phytic  acid  and  the  presence  of  undue  amounts 
of  these  in  digesting  foods  may  impair  the  absorption  of  iron. 

Iron  can  be  absorbed  from  either  the  stomach  or  the  small 
intestines.  Until  about  20  years  ago  it  was  held  that  iron  was 
absorbed  freely,  provided  that  it  was  in  the  suitable  chemical 
state.  On  the  basis  of  this  supposition  there  would  have  to  be 
sufficient  excretion  to  prevent  the  accumulation  of  iron  in  the 
body.  It  has  been  shown24  that  comparatively  little  iron  is  ex¬ 
creted  in  the  urine  and  the  feces.  In  a  normal  adult  the  total 
amount  of  iron  excreted  is  not  likely  to  exceed  1.5  mg.  a  day. 
This  negligible  excretion  makes  necessary  an  explanation  of 
how  accumulation  of  excessive  amounts  of  iron  is  prevented.  In 
1937  Widdowson  and  McCance23  suggested  that  the  absorption 
of  iron  is  controlled.  This  suggestion  has  been  substantiated  by 
more  recent  studies,  and  now  it  is  believed  that  iron  is  absorbed 
only  when  needed  in  the  body.  The  explanation  of  iron  absorp¬ 
tion  currently  accepted  is  that  a  specific  protein  in  the  intestinal 
mucosa  combines  with  iron  and  acts  as  a  carrier.  If  the  protein 
is  saturated  with  iron,  no  more  of  the  element  is  absorbed.  Re¬ 
moval  of  iron  from  the  protein  to  replenish  body  stores  makes 
further  absorption  possible.  The  specific  protein  has  been  named 
“apoferritin,”  and  the  iron-protein  complex  is  “ferritin.”  Since 
only  small  amounts  of  ferritin  are  present  normally  in  the  in 
testinal  mucosa,  it  is  assumed  that  apoferritin  can  be  synthesized 
to  make  iron  absorption  possible  if  iron  is  needed  in  the  body. 
While  a  number  of  factors  can  improve  or  impair  the  absorption 
of  iron,  the  principal  one  is  the  need  of  the  body  for  a  fresh 
supply.  When  that  need  exists,  the  chemical  nature  of  food  iro. 

is  unimportant. 

Requirements 

The  main  function  of  iron  is  to  serve  as  an  essential  part  of 
hemoglobin.  There  is  a  continuous  breakdown  of  the  blood  ,  g 
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ment.  In  a  normal  adult  about  28  mg.  of  iron  is  set  free  each 
day  by  hemoglobin  degeneration.  While  the  protein  part  of 
hemoglobin  is  degraded  and  lost,  the  body  retains  practically  all 
of  the  iron  for  the  production  of  new  hemoglobin.  Iron  is  con¬ 
served  carefully  and  used  repeatedly.  In  fact,  the  iron  coming 
from  destroyed  hemoglobin  is  used  for  new  hemoglobin  in  pref¬ 
erence  to  iron  already  in  body  stores  or  recently  absorbed.  The 
minimal  need  for  iron  by  an  adult  man  is  that  amount  which  is 
lost  by  excretion,  a  quantity  not  likely  to  exceed  1.5  mg.  a  day. 
In  gills  and  women  between  puberty  and  menopause  there  is  a 
loss  of  iron  during  menstruation,  and  this  loss  has  been  esti¬ 


mated  to  total  30  mg.  Averaged  for  the  month,  this  is  equivalent 
to  about  1  mg.  per  day,  giving  a  total  iron  loss  of  2.5  mg.  a  day 
(excretion  plus  loss) .  The  amount  of  1.5  mg.  a  day  and  2.5  mg. 
a  day  can  be  considered  to  be  minimal  requirements  for  men 
and  women,  respectively.  A  loss  of  blood,  containing  hemo¬ 
globin,  by  injury  or  hemorrhage,  would  cause  a  further  drain  on 
iron  supplies  to  make  possible  the  production  of  hemoglobin. 
Consequently,  it  is  held  that  iron  intake  should  be  greater  than 
minimal  needs  to  ensure  that  iron  storage  is  maintained  at  a 
generous  level  to  provide  for  emergencies.  Moreover,  there  is 
const  erable  doubt  as  to  how  much  of  ingested  iron  will  be  ab- 

im  t  °r.these  ™  it  is  the  custom  to  recommend  iron 
takes  considerably  greater  than  minimal  needs.  Currently  ad¬ 
vised  intakes27  are  6  to  12  mg.  a  day  for  men  and  12  mg  a  day 
for  women.  It  should  be  realized  that  these  are  not  precife  state 
ments  ot  actual  needs  but  are  generous  estimates  much  greater 
■n  amount  than  the  real  need  of  a  normal  person 

the!:::::rrtfwoman  must  supp,y  i,on  i° t|,e  ^  Most  Qf 

nancy  The  re<|u"'etl  during  the  second  half  of  preg- 
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"...  *  fc  . . . 


per 


130 


Nutrient  Elements 


cent  of  that  in  the  nonpregnant  woman.  An  assumption  that 
this  decrease  in  hemoglobin  concentration  is  a  sign  of  anemia 
would  be  erroneous.  The  total  amount  of  hemoglobin  in  the 
body  of  the  mother  does  not  decrease;  the  dilution  of  the  blood 
causes  an  apparent  decrease  in  the  amount  of  hemoglobin  in  a 
given  volume  of  blood.  This  normal  occurrence  may  be  misin¬ 
terpreted. 

During  growth  the  amount  of  blood  and  consequently  the 
amount  of  hemoglobin  gradually  increases.  The  increment  in 
iron  thus  made  necessary  has  been  estimated  as  0.3  to  0.6  mg.  a 
day  throughout  childhood  and  adolescence.  The  United  States 
Food  and  Nutrition  Board  has  recommended2'  intakes  of  7  to 
10  mg.  a  day  for  children  and  15  mg.  daily  for  older  adolescents. 
Intakes  suggested  in  the  Canadian  Dietary  Standard-'  are  smaller 
(6  mg.  for  children  and  12  mg.  for  adolescents) . 


Food  Sources 

In  view  of  evidence  regarding  the  absorption  of  iron,  it  is  no 
longer  advisable  to  discuss  “available’’  and  ‘unavailable  iron  in 
foods.  Data  given  in  Table  10  are  for  total  iron  in  terms  of  the 
contributions  from  average  servings  of  some  frequently  used 
foods.  Information  is  taken  from  Composition  of  Foods ,  United 
States  Department  of  Agriculture  Handbook  No.  8. 

The  chief  food  sources  of  iron  in  Canada  and  the  United  States 
are  meats,  eggs  and  green-leaf  vegetables.  The  iron  content  of 
liver  is  noteworthy;  this  meat  has  other  valuable  nutritive  values. 
Analyses  of  turnip  greens  cooked  in  a  large  volume  of  water  for 
an  extended  period  show  that  the  iron  content  is  still  high.  At¬ 
tention  is  directed  to  the  iron  contribution  of  oatmeal.  Milk  is  a 
poor  source  of  iron,  and  one  reason  for  the  use  of  eggs,  liver  ant 
other  meats  in  infant  feeding  is  to  provide  this  nutrient. 

If  food  is  selected  with  any  reasonable  amount  of  sense  there 
is  no  difficulty  in  securing  the  generous  intakes  of  iron  com¬ 
monly  recommended.  This  is  true  even  in  the  case  of  pregnan 
women.  An  iron  supplement  is  prescribed  frequently  Someumes 
this  action  is  due  to  a  misinterpretation  of  hemoglobtn  leve 
with  a  failure  to  realize  that  blood  dilution  is  normal  in  preg- 
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Table  10.  Iron  Supplied  by  Average  Servings  of 
Some  Common  Foods 


Food 

Serving 

Iron  Content 
(Milligrams) 

Beef,  rib  roast,  cooked 

3  oz. 

2.6 

Liver,  beef,  cooked 

2  oz. 

4.4 

Liver,  pork,  raw 

3  oz. 

15.3 

Pork  ham,  cooked 

3  oz. 

2.6 

Eggs 

1  medium 

1.3 

Bread,  white,  enriched 
2%  milk  solids 
Bread,  whole  wheat 
Oatmeal,  cooked 
Cabbage,  cooked 
Cauliflower,  cooked 
Collards,  cooked 
Spinach,  cooked 
Turnip  greens,  cooked 
Molasses,  blackstrap 
Cow  s  milk,  whole  or  skim 


1  slice  (23  Gm.) 

1  slice  (23  Gm.) 

1  cup  (236  Gm.) 
1  cup  (170  Gm.) 
1  cup  (120  Gm.) 
1  cup  (190  Gm.) 
1  cup  (180  Gm.) 
1  cup  (145  Gm.) 
1  tablesp. 

1  cup  (8  oz.) 


0.4 

0.5 

1.7 

0.8 

1.3 
3.0 
3.6 
3.5 

2.3 
0.2 


anc).  Piopei  selection  ol  foods  will  ensure  sufficient  iron  and 
other  needed  nutrients. 


i  r, 


Functions 
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absence  of  an  adequate  amount  of  iodine,  the  gland  enlarges  in 

an  attempt  to  compensate  foe  the  deficiency.  The  enTarXm 

While"  ?  g0iter,’  that  kn°Wn  as  simple-  or  endemic  *  ^ 

While  this  explanation  of  the  function  nf  ;  a- 

versally  accepted,  it  is  advantageous  to  review  Z  “  ^ 

by  which  the  exDlanatinn  ,  Z  •  e  ew  the  main  steps 

by  Courtois  a  FrenTn  %  W“  firSt  isob"«i 

Swiss  physician,  Coindet,  was" the  fcl  to  u^T’  18,L  A 
phylaxis  of  goiter  TIip  .  .  .  St  to  se  lodine  m  the  pro- 
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between  1850  and  1896  a  study  of  the  occurrence  of  iodine  in 
soil  and  water  in  relation  to  the  occurrence  of  goiter.  Marine28 
has  pointed  out  that  this  early  work  and  indeed  studies  in  1905 
to  1910  were  not  accepted  because  of  unwillingness  to  believe 
that  a  disease  could  result  from  a  deficiency.  The  modern  studies 
cf  the  function  of  iodine  have  been  based  on  the  discovery  by 
Baumann  in  189529  that  iodine  was  a  normal  constituent  of  the 
thyroid  gland.  Marine  and  Lenhart30  found  that  normal  thyroid 
tissue  from  several  species  of  mammals  contained  5.0  to  5.5  mg. 
iodine  per  gram  of  dried  tissue.  When  the  amount  fell  below  1 
mg.,  thyroid  hyperplasia  developed.  The  thyroid  was  shown  to 
have  a  marked  capacity  for  removing  iodine  from  the  blood.  In 
1916  Kendall31  isolated  a  physiologically  active,  iodine-contain¬ 
ing  substance  from  thyroid  glands  and  named  it  thyroxine. 
The  chemical  structure  of  thyroxine  was  determined  by  Haring- 
ton.32  A  more  active  substance,  triiodothyronine,  also  has  been 
obtained.33 

Modern  investigations  on  the  relation  of  iodine  intake  to  thy¬ 
roid  enlargement  began,  probably,  with  the  demonstration  by 
Marine  and  Lenhart34  that  thyroid  enlargement  in  trout,  erro¬ 
neously  believed  to  be  cancer,  was  due  to  a  low  intake  of  iodine. 
Studies  on  dogs  by  Marine  provided  similar  information.  A  well- 
conducted  study  on  humans  was  the  next  step,  and  this  was  done 
by  Marine  and  Kimball.35  During  puberty  the  thyroid  gland  is 
under  stress  and,  in  the  absence  of  sufficient  iodine,  frequently 
enlarges.  For  this  reason,  the  study  was  done  on  adolescent  girls 
in  Akron,  Ohio.  During  1917  and  1918  small  doses  of  potassium 
iodide  were  given  during  two  10-day  periods  each  year  to  about 
800  girls.  A  group  of  1,800  girls,  untreated,  served  as  controls. 
No  goiter  developed  in  the  treated  group,  while  26  per  cent  of 
the  control  group  exhibited  thyroid  enlargement.  This  study  was 
followed  quickly  with  others  which  demonstrated  the  value  of 
supplemental  iodine  in  areas  where  iodine  deficiency  was  com¬ 
mon.  It  is  now  accepted  that  endemic  goiter  is  an  lodine-de 

CiThyeddeefidency  of  iodine  may  be  primary  or  secondary. 
Marine28  has  summarized  the  various  factors  which  induce  y 
roid  hyperplasia.  In  the  first  place,  the  requirements  for  thyroid 
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hormone  and  for  iodine  may  be  increased  by  puberty,  pregnancy, 
menopause,  some  infections,  exposure  to  cold  and  by  excess  in¬ 
takes  of  some  nutrients  such  as  calcium.  A  second  possible  set  of 
factors  is  a  series  of  compounds  which  interfere  with  the  ability 
of  the  thyroid  gland  to  concentrate  iodine  or  with  its  ability  to 
manufacture  thyroid  hormone.  Cabbage,  rutabaga  and  other 
members  of  the  cabbage  family  contain  thio-oxazolidone— which 
has  been  shown  to  cause  goiter  in  experimental  animals  by  pre¬ 
venting  the  absorption  of  iodine  by  the  thyroid.  The  third  pos¬ 
sible  cause  of  thyroid  enlargement  is  a  deficiency  of  iodine  caused 
directly  by  an  inadequate  intake.  This  cause  is  of  particular  con¬ 
cern  to  nutritionists  and  public  health  workers. 


REQUIREMENTS 

A  gradual  breakdown  ol  thyroid  hormone  in  the  body  leads 
to  a  loss  of  iodine,  mainly  as  iodine  in  the  urine.  This  loss,  plus 
a  smaller  one  in  the  feces,  induces  a  deficiency  unless  the  intake 
is  sufficient  to  compensate.  From  a  survey  of  intakes  in  goitrous 
and  nongoitrous  areas  in  Switzerland,  von  Fellenberg  estimated36 
a  suitable  iodine  intake  to  be  about  20  ^g.  daily.  This  is  much 
less  than  has  been  calculated  from  measurements  of  urinary 
ioc  ine  by  Curtis  et  a/.37  On  this  basis  daily  requirements  for 
adults  would  be  100  to  200  ^g.  daily.  The  United  States  Food 
and  Nutrition  Board33  and  the  Canadian  Council  on  Nutrition36 
ave  made  similar  recommendations.  These  state  that  the  re¬ 
quirement  is  probably  from  0.15  to  0.30  mg.  per  person  per  day. 

pubertv  ’  "  that  the  thyroid  Sland  is  «nder  stress  during 

conseou’ P"!SnaHnCy’  menoPause  a"d  during  exposure  to  cold.  In 
q  e  ice,  iodine  requirements  are  increased  by  these  states. 

pregnancy  yht0Trd  Cnlargement  during  puberty  and  in 

bound  (h  1  Tn  vn°Wn  f°r  yearS‘  An  increase  in  protein- 

pregnant  woTm VxiTincreastd ' 'needT"^  r"  *5*  ^  °f 

nanrv  r  increased  need  for  iodine  during-  nreir- 
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tion.  For  farm  animals  such  a  relationship  has  been  established 
for  phosphorus,  cobalt  and  other  elements.  The  initial  studies  on 
the  amount  of  iodine  in  the  soil  were  those  by  Chatin  in 
France.  In  the  United  States  extensive  investigations  were  car¬ 
ried  out  by  McClendon  and  associates.41  Certain  areas  were  iden¬ 
tified  as  ones  in  which  goiter  was  frequent  and  in  which  the 
amount  of  iodine  in  the  soil  was  low.  Marine28  has  pointed  out 
that  goitrous  areas  are  those  in  which  the  soil  was  deposited  from 
glaciers  or  ones  in  which  the  water  supply  is  obtained  from 
glaciers.  Emphasis  was  placed,  at  first,  on  the  amount  of  iodine 
in  drinking  water.  It  was  realized  later  that  the  iodine  content 
of  farm  crops  was  dependent  on  the  iodine  in  the  soil. 

Food  grown  on  iodine-poor  soil  cannot  supply  sufficient  iodine 
to  meet  human  requirements.  In  an  area  having  little  iodine  in 
the  soil  the  amount  carried  in  water  is  also  inadequate.  Akron, 
Ohio,  the  city  in  which  Marine  and  Kimball  did  their  important 
demonstration  of  the  value  of  supplemental  iodine,  is  in  an 
iodine-low  district.  The  entire  Great  Lakes  area,  the  western 
plains  and  mountain  valleys  are  so  characterized.  Since  foods 
cannot  be  depended  upon  to  meet  iodine  requirements,  much 
attention  has  been  given  to  means  for  supplying  sufficient  of  the 
nutrient.  Sea  foods  can  supply  considerable  iodine  but  are  not 
likely  to  be  used  generously  by  people  in  inland  districts.  Follow¬ 
ing  the  demonstration  of  the  value  of  some  extra  iodine,  various 
vehicles  were  tried.  Among  these  were  candy,  tablets,  chewing 
gum  and  table  salt.  Crude  salt  has  a  natural  content  of  iodine 
which  is  removed  during  purification.  Of  the  various  vehicles, 
salt  was  found  to  be  the  most  satisfactory.  At  first,  there  were 
doubts  about  the  safety  of  iodized  salt.  It  is  now  recognized  that 
salt  containing  one  part  of  potassium  or  sodium  iodide  per 
10,000  parts  of  salt  is  safe  and  provides  sufficient  iodine  to  meet 
human  requirements.  The  iodization  of  table  salt  is  compulsory 
in  Canada  and  Switzerland. 

Since  iodized  salt  is  the  main  source  of  iodine  in  the  United 
States  (where  its  use  depends  on  education)  and  Canada,  the 
question  of  supplying  iodine  to  persons  on  low-salt  or  salt-free 
diets  should  not  be  overlooked.  Such  diets  are  regarded  as  useful 
in  the  treatment  of  hypertension  and  have  proved  to  be  valuable 
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in  the  treatment  of  pregnancy  toxemias.  In  the  latter  type  o 
patient  there  is  an  increased  need  for  iodine.  The  physician 
should  consider  prescribing  Lugol’s  solution  or  some  other  source 
of  iodine  for  patients  placed  on  salt-free  diets,  particularly  so  if 
pregnancy  exists. 

FLUORINE 


There  is  no  reason  for  regarding  fluorine  as  a  nutrient.  A 
discussion  of  it  is  included  because  of  the  wide-spread  inteiest 
in  the  relation  of  it  to  dental  conditions.  The  toxic  results  of 
considerable  amounts  of  fluorine  have  been  known  for  some 


years.  Dental  interest  was  concerned  at  first  with  harmful  effects 
of  abnormal  concentrations  of  fluorine  in  drinking  water.  In 
recent  years  attention  has  been  focused  on  the  beneficial  prop¬ 
erty  of  lower  concentrations  in  the  prevention  of  dental  caries. 
The  complete  change  in  outlook  was  stated  by  McKay41  to  be 
“one  of  the  most  curious  reversals  in  the  whole  history  of  science.” 

The  harmful  effects  produced  by  the  entrance  into  the  body 
of  appreciable  quantities  of  fluorine  have  been  studied  exten¬ 
sively.  Generally,  fluorosis  has  been  caused  by  the  inhalation  of 
finely  ground  fluorides  in  industrial  operations.  The  use  of  rock 
phosphate  to  supply  extra  calcium  and  phosphorus  was  shown 
by  Tolle  and  Maynard42  to  cause  fluorosis  in  farm  animals. 
Fluorosis  in  experimental  rats  was  studied  by  McCollum  et  al ,43 

The  occurrence  of  “mottling”  on  tooth  enamel  was  known  to 
occur  in  various  areas  of  the  world.  At  first,  mottled  enamel  may 


consist  of  dull  white  patches  on  teeth  surfaces,  looking  as  if  chalk 
had  been  rubbed  on  the  enamel.  The  affected  spots  may  become 
stained,  with  color  varying  from  yellow  to  dark  brown  or  black. 
T  he  occurrence  of  teeth  so  stained  in  an  area  in  Colorado  led  to 
the  name,  Colorado  brown  stain.”  The  relation  of  this  mottling 
to  a  constituent  of  drinking  water  was  indicated  by  Black  and 
McKay  in  1916. 44  The  responsible  constituent  was  identified  as 
fluorine  in  1931  by  Smith  and  associates45  and  by  Churchill.46 
Dean  et  al.4‘  began  an  extensive  survey  of  the  occurrence  of 
fluorine  in  water  supplies.  They  found  that  water  containing 
1  part  of  fluorine,  or  less,  per  million  parts  (p.p.m.)  of  water  did 
not  cause  any  mottling.  Fluorine  concentrations  of  around  2 
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p.p.m.  produced  chalky,  white  enamel.  If  the  concentration  was 
more  than  2  p.p.m.,  colored  staining  was  evident.  Subsecjuently, 
there  developed  a  strong  interest  to  treat  high-fluorine  water 
supplies  so  that  the  concentration  would  be  reduced.  Between 
1931  and  1937  attention  was  devoted  entirely  to  reducing  the 
fluorine  content  of  water. 

By  1937  studies  on  the  relation  of  fluorine  to  dental  conditions 
had  indicated  that  children  living  in  high-fluorine  areas  had  a 
low  incidence  of  dental  caries.  This  correlation  was  established 
by  the  investigation  of  Dean  and  associates.47  The  observations 
showed  an  inverse  relation  between  the  number  of  decayed, 
missing  and  filled  teeth  in  children  and  the  fluorine  concentra¬ 
tion  of  drinking  water.  An  amount  of  fluorine  of  about  1  p.p.m. 
was  shown  to  reduce  markedly  the  incidence  of  dental  caries.  In 
1943  Ast  outlined48  a  plan  whereby  the  beneficial  effect  of 
fluorine  could  be  tested.  He  recommended  that  two  comparable 
communities  be  selected,  both  having  low-fluorine  water.  Fluorine 
would  be  added  to  the  water  in  one  community  to  bring  the 
concentration  up  to  1  p.p.m.;  the  other  community  would  serve 
as  control.  Ast  advised  a  study  of  the  results  over  a  period  of  at 
least  10  years.  Subsequently,  such  tests  were  initiated  in  3  pairs 
of  cities.  Detailed  information  on  observations  for  10  years  are 
available,49  and  results  from  the  various  communities  are  in  ex¬ 
cellent  agreement.  Principal  findings  for  Newburgh  (fluorine- 
added)  and  Kingston  (low-fluorine),  both  in  New  York  State, 
show  the  effects  on  the  teeth  of  children  of  water  fluoridation: 


Per  Cent  Children  With  No  Dental  Caries 


Ages 

6-9 

10-12 

13-14 

16 


Newburgh 

Kingston 

74.9 

46.7 

36.8 

10.0 

19.3 

5.9 

8.5 

4.8 

In  interpreting  these  data  it  is  essential  to  remember  that 
supplemental  fluorine  was  available  for  10  years  to  children  in 
Newburgh.  Definite  preventive  effects  were  evident  in  c^icien 
up  to  14  years  of  age.  To  prevent  tooth  decay  effectively  suffi¬ 
cient  fluorine  to  harden  the  enamel  must  be  available  dim  g 
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tooth  formation.  This  explains  the  relatively  slight  protection 
shown  in  16-year-old  persons.  It  has  been  found50  that  adults 
who  have  lived  all  their  lives  in  a  high-fluorine  area  show  the 
protective  effect  of  fluorine  even  in  middle  age. 

As  a  result  of  these  studies  the  fluoridation  of  water  supplies 
to  help  prevent  dental  caries  has  been  recommended  by  dental, 
medical  and  public  health  associations  in  the  United  States  and 
Canada.  A  number  of  cities  have  commenced  the  addition  of  a 
fluoride  to  water  supplies.  I  he  compounds  used  generally  are: 
sodium  fluoride,  sodium  fluorosilicate. 

The  fluoridation  ol  water  supplies  has  been  opposed  vigor¬ 
ously.  A  number  ol  possible  harmful  effects  have  been  cited. 
The  metabolism  and  the  possible  toxicity  of  fluorine  have  been 
reviewed  by  Hodge.51  Short-term  studies  have  shown  that  from 


one  half  to  two  thirds  of  fluorine,  ingested  in  normal  amounts, 
is  excreted  promptly  in  the  urine.  Retained  fluorine  is  likely  to 
be  deposited  in  the  bones.  The  amount  of  fluorine  in  the  bones 
increases  with  age  and  varies  as  the  intake.  Fluorine  can  leave 
tie  bones  but  removal  is  slow;  in  general,  the  amount  retained 
increases  gradually.  Acute  fluorosis  is  characterized  by  stiffening 

°  1  e  b‘lck  to  tIle  Point  where  the  person  cannot  bend.  The 
intake  of  fluorine  required  to  produce  fluorosis  is  at  least  20 
imes  that  obtainable  by  an  average  use  of  fluoridated  water. 

coluinint  r?,0"  °f  H0neS  ""  ',e  Pr°duced  drinking  water 
“  ‘  I8  Pr-  0nne'  T'le  USC  of  water  wi*  about  I 
•  tonne  ms  not  been  shown  to  cause  any  harmful  effect 

nTemTioVeCr'rP°SSib'e 

switzertrzjeT'z  v  :77;77jT7'ty'  a  - 

evidern  fir  .  ,  7  °f  f,uondated  water  had  no 
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will  have,  as  consumed,  about  1  p.p.m.  Frequent  and  generous 
use  of  tea  made  from  fluoridated  water  might  cause  mottling  of 
teeth  in  children. 

There  is  definite  evidence  that  water,  fluoridated  to  1.0  to 
1.2  p.p.m.,  can  reduce  the  incidence  of  dental  caries  in  children 
without  apparent  harmful  effects.  The  fluoridation  of  water,  as  a 
dental  public  health  measure,  can  be  used  with  safety  and  with 
beneficial  results.  It  is,  of  course,  applicable  only  in  communities 
having  public  water  supplies.  Fluoridation  of  water  is  not  appli¬ 
cable  to  rural  districts;  hence,  it  is  not  available  to  benefit  farm 
children.  It  is  possible  that  another  vehicle  for  supplementary 
fluorine  may  prove  to  be  more  useful  than  water.  In  the  case  of 
iodine,  table  salt  proved  to  the  the  best  vehicle,  and  the  same  may 
be  the  case  for  fluorine.  Several  unsolved  questions  remain  to  be 
answered.  The  use  of  fluoridated  water  fails  to  give  protection 
to  all  children  or  to  all  teeth  in  the  one  child.  Fluorine  may 
make  many  teeth  more  resistant  to  decay,  but  its  use  does  not 
replace  attention  to  an  adequate  supply  of  calcium,  phosphorus 
and  vitamin  D — all  essential  for  tooth  formation.  It  may  be  that 
the  action  of  fluorine  is  affected  by  the  ratio  of  calcium  to  phos¬ 
phorus  in  the  food  intake.  For  the  most  effective  prevention  of 
dental  caries,  the  nutrients  essential  for  tooth  formation  must 
be  available  to  the  pregnant  mother  and  to  children.  Supple¬ 
mentary  fluorine,  in  proper  amounts,  has  proven  to  be  a  useful 

and  safe  adjuvant. 


COBALT  AND  OTHER  TRACE  ELEMENTS 

Cobalt 

A  deficiency  of  cobalt  has  occurred  in  farm  animals  in  various 
areas  ot  the  world,  one  of  which  was  Florida.  The  deficiency  in 
animals  was  traced  directly  to  a  lack  of  cobalt  in  the  soil.  The 
diseased  state  is  characterized  by  a  loss  of  appetite,  wasting  of 
the  body,  a  hollow  in  the  back,  and,  generally,  an  anemia,  re 
vention  was  accomplished  by  supplying  salt  containing  coba 
Cobalt  deficiency  has  not  been  observed  ,n  humans  So  la  a 
animals  are  concerned,  the  deficiency  state  is  restricted  ton 

nants.  Such  animals  receive  their  supply  of  vitamin  B,,  a 

result  of  bacterial  synthesis  of  the  vitamin  in  the  rumen. 
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synthesis,  cobalt  is  necessary,  since  the  element  is  an  essential 
component  of  the  vitamin.  Actually,  the  deficiency  syndrome  is 
due  to  a  lack  of  vitamin  B12  and  responds  to  administration  of 
this  vitamin. 

The  inclusion  of  considerable  cobalt  in  the  food  intake  of 
rats  and  other  species,  except  ruminants,  causes  a  stimulation 
of  the  bone  marrow  and  the  appearance  of  excess  numbers  of 
erythrocytes  in  the  blood  (polycythemia).  Ruminants  do  not 
show  polycythemia,  but  a  liberal  intake  of  cobalt  causes  toxic 
effects  in  those  animals. 

Humans  do  not  possess  a  capacity  to  synthesize  vitamin  B12, 
nor  is  it  produced  apparently  by  intestinal  bacteria.  The  vitamin 
is  supplied,  preformed,  in  food.  This  may  explain  failure  to  find 
cobalt  deficiency  in  humans.  In  addition,  cobalt  occurs  in  many 
foods. 


Copper 

Copper  deficiency  has  been  observed  in  cattle  and  sheep  in 
Florida  and  in  other  parts  of  the  world.  Deficient  animals 
exhibit  a  loss  of  appetite,  fragile  bones,  and  an  anemia  resem¬ 
bling  that  due  to  a  lack  ot  iron.  Subnormal  concentration  of 
copper  in  the  soil  is  the  primary  factor.  Copper  deficiency  has 
been  produced  experimentally  in  rats,  dogs,  rabbits  and  swine. 

e  experimental  animals  showed  a  microcytic  anemia  which 
tid  not  respond  to  the  administration  of  iron  but  did  respond 
When  copper  was  supplied.  A  deficiency  of  copper  never  has  been 
observed  ,n  adult  humans,  but  claims  have  been  made  that  some 
cases  Of  hyperchromtc  anemia  in  infants  fail  to  respond  to  iron 
therapy  unless  copper  is  also  furnished.  It  is  believed  that  copper 
on  y  stimulates  the  synthesis  of  iron  into  hemoglobin  but 
also  improves  the  absorption  of  iron. 

inmke'dn  ll3S  bee"  regar<led  f°r  many  Ve:,rs  as  a  poison.  A  liberal 

pract.ce  „7  cT"  ‘°X'C  exPerimental  animals.  The  old 

bidden  nn,g  Ca"ned  peas  with  “pper  sulphate  was  for- 
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times  exceeded  the  quantity  formerly  believed  to  be  harmful; 
deleterious  effects  were  not  observed. 

Minute  amounts  of  copper  occur  in  most  foods.  It  is  difficult, 
if  not  impossible,  to  devise  a  food  intake  of  natural  foods  which 
would  be  unduly  low  in  this  element. 


Zinc 

This  element  is  a  constituent  of  crystalline  insulin,  and  a  high 
concentration  has  been  found  in  the  pancreas,  the  gland  which 
produces  insulin.  Consequently,  it  has  been  assumed  that  zinc 
plays  a  role  in  carbohydrate  metabolism.  Evidence  for  this  func¬ 
tion  has  not  been  obtained.  It  has  been  shown  that  rats  will  not 
grow  normally  if  fed  a  zinc-free  diet.  There  has  been  no  demon¬ 
stration  that  zinc  is  essential  for  humans.  However,  zinc,  like 
copper  and  other  trace  elements,  is  widely  distributed  in  foods. 
No  attempt  has  been  made  to  maintain  human  subjects  on  a 
diet  free  of  zinc.  An  undue  intake  of  zinc  can  be  harmful.  Such 
an  intake  could  be  secured  by  ingestion  of  acid  food  which  has 
been  stored  in  a  galvanized  container. 


Manganese 

Present  information  regarding  manganese  in  nutrition  paral¬ 
lels  that  for  zinc,  copper  and  several  other  elements.  A  deficiency 
state  has  been  produced  experimentally  in  rats,  swine  and  fowl 
but  has  not  been  observed  in  humans.  In  rats  a  manganese  de¬ 
ficiency  causes  an  impairment  in  appetite,  failure  to  grow  and 
interference  with  sexual  processes.  In  fowl,  a  lack  of  manganese 
in  conjunction  with  a  deficiency  of  choline  produces  a  bone 
condition  known  as  perosis.  Since  manganese  is  a  normal  con¬ 
stituent  of  arginase,  an  enzyme  necessary  for  the  formation  o 
urea,  this  element  is  thought  to  be  an  essential  nutrient  for  all 
species.  Like  other  elements,  it  is  widely  distributed  in  foods, 
and  a  deficiency  in  humans  is  most  unlikely. 


SODIUM  AND  POTASSIUM 

These  elements  are  essential  to  the  normal  functions  of  the 
body.  However,  they  are  not  commonly  considered  ■»  '*« 

of  nutrition  or  in  respect  to  nutrient  requirements.  Sodium 


Sodium  and  Potassium 
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potassium  are  of  particular  importance  in  the  dietetic  treatment 
of  several  diseases,  and  low-sodium  diets  are  used  frequently. 


Functions 

The  principal  electrolytes  in  blood  and  in  interstitial  fluid  are 
sodium  and  chloride.  About  90  per  cent  of  the  total  basic  ions  in 
plasma  is  sodium.  The  osmotic  pressure  of  body  fluids  depends 
mostly  on  the  total  content  of  basic  ions,  and  in  this  respect 
sodium  is  of  undoubted  importance.  A  decrease  in  sodium  con¬ 
tent  of  extracellular  fluid  causes  a  decrease  in  osmotic  pressure 
and  a  transfer  of  water  into  the  cells.  A  reverse  movement  is 
brought  about  by  an  increase  in  sodium.  Sodium  is  also  impor¬ 
tant  in  the  maintenance  of  acid-base  equilibrium.  These  func¬ 
tions  of  sodium  are  continuously  essential  for  the  maintenance 
of  life.  Sodium  must  be  considered  to  be  an  essential  nutrient, 
even  if  little  or  no  attention  is  given  to  it  in  most  discussions  of 
nutrient  requirements. 

The  functions  of  potassium  are  of  equal  essentiality.  However, 
potassium  occurs  mainly  in  intracellular  fluid,  with  only  a  small 
amount  normally  present  in  extracellular  fluid.  Potassium  exerts 
an  influence  on  the  excitability  of  nerve  tissue  and  on  the  con- 
tractibility  of  all  types  of  muscle,  including  heart  muscle.  For 
t  IS  ast  reason  an  excess  or  a  deficiency  of  potassium  can  alter 
e  ectrocardiograms.  A  deficiency  of  potassium  in  the  body  can 
result  from  an  alteration  in  kidney  function,  as  in  shock  or  in 
■dney  disease,  from  negative  protein  balance  and  in  certain 
iseases  of  the  gastrointestinal  tract.  Under  normal  conditions 

PotaLfumy'  V  COmr0llinS  ,he  CXCretion  of  botb  »dium  and 
potassium,  maintains  a  suitable  balance  in  body  fluids. 

Requirements 

A  common  estimate  for  minimal  needs  of  both  sodium  and 

o  aSS,  „  about  o.5  Gm  of  each  elemen(  da 
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environment  may  experience  sodium  deficiency,  evident  as  nausea 
and  gastro-intestinal  cramps.  This  condition  may  be  prevented 
by  taking  sodium  chloride  tablets.  Such  a  preventive  is  used  fre¬ 
quently  in  industries  where  workers  are  exposed  to  high  tem¬ 
perature  for  lengthy  periods.  The  need  for  potassium  is  about 
equal  to  that  of  sodium.  Potassium  is  obtained  from  foods. 


Food  Sources 


The  contents  of  these  nutrients  in  foods  will  be  considered  in 
detail  in  a  later  chapter  in  connection  with  special  diets  for 
therapeutic  use.  Some  common  foods  and  the  approximate 
sodium  and  potassium  contents  are  as  follows: 


High  sodium 
Cured  meats 
Asparagus 
Beans 
Bread 

Salted  butter 
Bran  cereals 
Cheese 

Salted  or  cured 
fish 

Margarine 


Low  sodium 

Broccoli 
Low-salt  bread 
Unsalted  butter 
Cabbage 
Cauliflower 
Most  fruits 


High  potassium 

Bran  cereals 
Most  meats 
Most  vegetables 
Most  fish 
Milk 


LOW  POTASSIUM 

Apples  and  most 
fruits 
Eggs 
Cheese 
Butter 
Margarine 
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CHAPTER  8 


The  Vitamins 


HISTORICAL  INTRODUCTION 


In  the  discussion  of  methods  of  obtaining  nutrition  informa¬ 
tion  in  Chapter  2,  it  was  pointed  out  that  one  procedure  had 
been  the  search  for  a  treatment  for  a  disease.  Initial  information 
about  some  of  the  vitamins  was  obtained  in  this  way.  Scurvy, 
beriberi,  pellagra  and  rickets  responded  to  the  ingestion  of 
particular  foods.  1  he  principal  steps  in  the  discovery  of  the 
cause  of  scurvy  were  given  in  Chapter  2.  Prevention  of  the  disease 


was  brought  about  by  the  use  of  fresh  fruits  and  vegetables. 
The  responsible  nutrient  was  isolated,  and  its  chemical  structure 
was  determined. 

The  name  given  to  the  group  of  nutrients,  the  vitamins,  arose 
during  studies  on  another  disease,  beriberi.  In  this  disease  there 
is  an  effect  on  the  peripheral  nerves  leading  to  impairment  in 
the  use  of  the  limbs.  There  may  be  enlargement  of  the  right 
heart.  In  wet  beribeii,  edema  is  present.  Due  to  prevalence  of 
beriberi  in  the  Japanese  navy,  an  investigation  of  it  was  carried 
out  by  Takaki.  In  1882  he  found1  that  it  could  be  cured  and 
prevented  by  increasing  the  intake  of  meat,  and  he  assumed 
hat  the  extra  protein  was  efficacious.  A  high  incidence  of  beri- 
eri  in  the  Dutch  East  Indies  led  to  a  more  extensive  study 
under  the  direction  of  Eijkman  (1858-1930).  It  was  found,  acci- 

“Id  r  f‘Ck7’  f?d  f°0d  Similar  l°  that  eaten  by  P^sons 

Uke  most  K  ,  deVel0ped  a  Similar  state  of  polyneuritis.2 
Like  most  biologic  scient.sts  at  that  time,  Eijkman  assumed  that 

a  toxin  was  responsible  for  the  disease.  The  white  or  polished 

nee  which  caused  the  disease  was  thought  to  contain  a  toxin’ 

the'brai!  was  saidtt  ^  f<>0d  Prevented  the  disease! 

was  said  to  contain  an  antitoxin.  The  correct  explana- 
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tion  was  provided  by  Grijns,3  the  colleague  and  successor  of 
Eijkman.  According  to  Grijns,  rice  bran  contained  an  essential 
nutrient,  more  or  less  absent  from  the  rice  endosperm.  While 
attempting  to  isolate  the  antiberiberi  substance.  Funk4  in  1912 
advanced  a  theory  that  beriberi  and,  indeed,  scurvy  and  other 
diseases  were  caused  by  deficiencies  of  nutrients  which,  believed 
by  Funk  to  be  essential  nitrogenous  bases,  were  called  vitamines. 

Prior  to  1912  evidence  of  another  type  had  developed.  Knowl¬ 
edge  of  proteins,  fats,  carbohydrates  and  some  of  the  nutrient 
elements  was  held  to  be  sufficiently  complete  to  enable  the  con¬ 
struction  of  synthetic  diets  on  which  animals  should  be  able  to 
thrive.  Attempts  to  raise  young  animals  on  such  diets  showed 
that  they  were  not  adequate  for  growth.  As  early  as  1881,  Lunin3 
found  that  the  addition  of  a  small  amount  of  milk  rendered  the 
synthetic  diet  suitable  for  growth.  Similar  results  were  obtained 
by  a  number  of  other  investigators,  of  whom  the  most  famous 
was  F.  G.  Hopkins  (1861-1947).  Hopkins  coined  the  name 
“accessory  food  factors”  for  the  substances  needed  for  growth.6 
This  name  was  continued  in  Britain  for  nearly  20  years. 

Although  Funk  had  stated  that  he  believed  there  were  several 
vitamines,  and  although  Hopkins  had  thought  of  the  existence 
of  more  than  one  accessory  food  factor,  the  first  real  evidence  for 
the  plurality  of  vitamines  was  supplied  by  E.  V.  McCollum 
(1879-  )  and  Margaret  Davis  in  1915.  Working  in  the  Uni¬ 

versity  of  Wisconsin,  these  investigators  studied  the  inadequacy 
of  synthetic  diets  for  the  growth  of  young  animals.  They  found 
that  2  constituents  had  to  be  added  to  the  diet  to  obtain  good 
weight  increase.  One  constituent  was  soluble  in  fats;  the  other, 
in  water.7  The  fat-soluble  substance  was  named  “fat-soluble  A, 
while  the  other  was  called  “water-soluble  B.”  These  names  were 
recommended  by  McCollum  and  Kennedy8  in  1916.  They  ad¬ 
vised  against  the  use  of  “vitamine”  because  the  prefix  connoted 
a  vital  function  which  had  not  been  established.  In  ^advising 
the  new  names  and  in  deprecating  the  word  “vitamine,  McCol¬ 
lum  and  Kennedy  made  a  statement  which  is  interesting  in 
view  of  advertising  claims  which  have  been  made  for  vitamin 
products:  “These  terms  have  the  merit  of  not  attributing  ex 
travagant  values  to  these  bodies. 
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It  soon  became  apparent  that  McCollum’s  water-soluble  B 
factor  would  prevent  polyneuritis.  The  main  steps  in  the  recog¬ 
nition  of  the  antiscurvy  factor  were  outlined  in  Chapter  2.  As  a 
consequence  of  the  production  of  experimental  scurvy  in  guinea 
pigs  by  Holst  and  Frolich  in  1907, 9  it  was  clear  that  certain  foods 
contained  a  substance  separate  from  fat-soluble  A  and  water- 
soluble  B. 


The  list  of  accessory  food  factors  was  increased  to  4  by  the 
woik  of  Sir  Edward  Mellanby  (1884-1956)  on  rickets.  This  dis¬ 
ease,  characterized  by  faulty  calcification  of  bones,  had  been 
known  lor  several  hundred  years.  It  occurred  especially  in  chil¬ 
dren  living  in  crowded  cities  in  the  temperate  zone.  Because  of 
an  apparent  relation  to  exposure  to  sunlight,  rickets  was  sup¬ 
posed  to  be  caused  by  faulty  environment.  In  1918  Mellanby10 
produced  rickets  by  dietary  means  in  young  dogs.  It  had  been 
known  for  over  100  years  that  cod-liver  oil  was  effective  in 
treating  rickets  in  children.  Mellanby  found  that  cod-liver  oil 
prevented  rickets  in  pups  and  erroneously  assumed  that  fat- 
so  uble  A,  present  in  the  oil,  was  responsible.  In  1922  McCollum 

andMhu  afociates'1  showed  that  the  A  factor  in  cod-liver  oil 
cou  d  be  destroyed  by  oxidation  at  high  temperature;  this  treat- 

letter  "TV'  n°  destructIve  effect  on  the  antiricketic  activity.  The 
tetter  D  was  assigned  to  the  antiricketic  factor. 

made-bv  “VT"3"'  t?P°Sal  reSardi"S  nomenclature  was 
were  includJed  UrtT  c(I891'I952)-  Two  recommendations 
*at  the  v“d ti  WaS  3r  by  ‘hiS  time  that  Funk's  assumption 
of  Mrf  it  Si Wre  amines  was  incorrect.  Despite  the  protest 

“  dUroppDednt'„m0ndd  leliLTleuer 

soluble”  be  discontinnprl  w  ^  1  soluble  and  water- 

vitamins  A,  B  C  etc  In  rh  6  rec0”lmende(^  the  simple  names, 
nized  vitamins’  VhTmmV  P?°d  I922‘26  there  5  recog- 

» '922.  r;r:  Evans  and  Bish°'j?3 

reproduction.  1  le  Pr°cess  of  normal 

Between  1910  and  .940  pellagra  was  a  serious  problem  in  the 
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southern  United  States.  The  disease  had  occurred  in  European 
countries  after  corn  (maize)  became  a  commonly  used  cereal. 
Various  descriptive  names  were  applied  to  pellagra.  It  was  known 
as  the  “corn  eaters’  disease,’’  and  as  the  disease  of  the  4  D’s 
(dermatitis,  diarrhea,  dementia  and  death).  The  prevalence  of 
pellagra  was  such  a  problem  that  the  United  States  Public  Health 
Service  undertook  an  investigation,  and  this  was  directed  by 
Joseph  Goldberger  (1874-1929).  Two  principal  nutrition  expla¬ 
nations  were  suggested:  pellagra  might  be  due  to  a  deficiency  of 
an  amino  acid,  not  present  in  corn,  or  it  might  be  caused  by  the 
lack  of  a  pellagra-preventive  factor.  Goldberger  found  that  most 
foods  rich  in  vitamin  B  would  cure  pellagra.  In  1926  Smith  and 
Hendrick14  showed  that  “vitamin  B”  contained  two  different 
substances,  one  of  which  was  heat-stable,  the  other  destroyed  by 
heat.  Goldberger  and  associates15  tested  these  components  for 
efficacy  in  treating  pellagra  and  found  that  the  heat-stable  com¬ 
ponent  was  pellagra-preventive.  At  first,  it  was  called  the  P-P 
factor.  When  it  was  established  that  preparations  of  “vitamin  B” 
contained  two  distinct  components,  the  group  name,  “vitamin  B 
complex,”  came  into  general  use.  In  the  United  States  die 
general  practice  for  several  years  was  to  name  the  anti-neuritic 
component  as  vitamin  B  and  to  call  the  antipellagric  component 
either  the  P-P  factor  or  vitamin  G  (in  honor  of  Goldberger).  In 
Britain  the  two  factors  were  referred  to  as  vitamin  Bj  (anti- 
neuritic)  and  vitamin  B2  (antipellagric).  The  latter  names  pres¬ 
ently  came  into  general,  international  use. 

In  the  attempts  to  determine  the  cause  of  pellagra,  experi¬ 
mental  animals  were  placed  on  diets  similar  to  those  which 
caused  the  disease  in  humans.  Such  a  diet  caused  rats  to  develop 
a  dermatitis  which  at  first  was  thought  to  be  similar  to  the  derma¬ 
titis  of  pellagra.  However,  dogs  exhibited  a  mouth  condition 
called  “black  tongue,”  which  seemed  to  resemble  oral  lesions 
observed  in  human  cases  of  pellagra.  Chicks  also  developer  a 
pellagralike  syndrome  with  skin  changes.  Crude  extracts  o 
pellagra-preventive  foods  cured  these  experimental  diseases.  The 
task  of  isolating  the  active  component  of  the  crude  extracts  was 
“dl^Sveral  laboratories.  In  193S 

from  whey  a  nitrogenous,  yellow  pigment  which  displayed  green 
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fluorescence.  “Flavin”  is  a  generic  name  applied  to  a  group  of 
natural  yellow  pigments  and,  because  of  its  food  origin,  Kuhn 
et  al.  named  the  substance  from  whey,  lactoflavin.  Later  this 
name  was  changed  to  riboflavin  because  the  substance  is  a  deriva¬ 
tive  of  ribose.  When  pure  riboflavin  was  available,  it  was  tested 
on  human  cases  of  pellagra,  on  rats  with  dermatitis,  on  dogs  with 
black  tongue  and  on  chicks  with  “pellagra.”  Riboflavin  was 
found  to  be  ineffective  against  all  4  conditions.  However,  there 
is  no  doubt  that  riboflavin  is  a  vitamin  and  that  it  serves  essential 
purposes. 

In  1937  Elvehjem  and  associates17  observed  that  nicotinic  acid, 
a  compound  known  for  many  years,  cured  black  tongue  in  dogs. 
This  substance  was  promptly  tried  on  human  cases  of  pellagra; 
one  of  the  first  reports  was  that  of  Smith  et  aid8  Highly  beneficial 
results  were  demonstrated  in  several  clinics,  and  the  P-P  factor 
was  identified  as  nicotinic  acid. 

Although  nicotinic  acid  was  effective  in  the  treatment  of 
human  pellagra  or  of  canine  black  tongue,  it  was  found  to  be 
ineffectual  against  the  deficiency  diseases  produced  in  rats  or  in 
chicks  by  maintenance  on  a  pellagra-type  diet.  Even  before  the 
studies  on  nicotinic  acid,  Paul  Gybrgy  had  given  a  name  to  the 
nutrient,  a  deficiency  of  which  caused  dermatitis  in  rats.  This 
nutrient,  later  isolated,  was  named  vitamin  B6.19  In  1936  Lepov- 
sky  and  Jukes20  showed  that  the  factor  related  to  chick  dermatitis 
was  distinct  from  other  vitamins.  Later  the  chick  factor  was 
found  to  be  pantothenic  acid.  Since  then  the  list  of  vitamins 
described  as  members  of  the  B  vitamin  group  has  been  extended 
to  include  biotin,  folic  acid,  vitamin  B,,  and  others.  Choline  and 
inositol  are  sometimes  called  B  vitamins  but  should  not  he  so 
classified.  The  B  vitamins  have  been  shown  to  act  as  coenrymes. 

1  here  15  no  evldence  that  either  choline  or  inositol  participates 
m  enzyme  systems;  they  are  essential  for  the  formation  of  phos- 
phohpids  and  serve  in  fat  transport.  1 

est  wT'tmnb  Vitami,,,S  Te  been  described-  In  cases  inter- 
the  essenti  r°ry’  and,reference  them  >>as  ceased.  For  example, 
part  cu  r  bv  y  “Ued  1  several  years 

a  spedal  Virtue Te  “T  manu£acturers  who  wished  to  claim 

special  virtue  to  a  product  containing  linoleic  acid.  Other 
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vitamins  have  become  important  in  both  animal  and  human 
nutrition.  Vitamin  K,  first  described  by  Dam21  in  1935,  is  a 
vitamin  of  proved  value.  At  present  there  is  evidence  of  human 
need  for  about  10  vitamins. 


NOMENCLATURE  OF  THE  VITAMINS 

The  recommendation  made  by  Drummond  in  192012  was 
accepted  generally.  Drummond  had  pointed  out  that  “this  sim¬ 
plified  scheme  should  be  quite  sufficient  until  such  time  as  the 
factors  are  isolated  and  their  true  nature  identified.”  Drum¬ 
mond’s  proposal  is  still  used  in  connection  with  several  of  the 
vitamins  for  which  proper  chemical  names  are  either  not  avail¬ 
able  or  not  accepted.  Drummond  had  in  mind  that  the  alpha¬ 
betic  terminology  would  disappear  when  it  could  be  replaced  by 
scientific  names.  This  has  been  the  case  for  most  of  the  vitamins. 
The  originally  assigned  letter,  the  name  accepted  at  present,  and 
alternative  names  for  vitamins  now  known  to  be  required  by 
humans  are  as  follows: 


Original  Name 


Accepted  Name  Alternative  Names 


Fat-soluble  A 
Water-soluble  B 


B2  or  G  (later  shown 
to  be  a  number  of 
vitamins) 


Vitamin  C 

Vitamin  D 
Vitamin  E 
Vitamin  K 


Vitamin  A 
Thiamine 
Riboflavin 
Nicotinic  acid 

Vitamin  Be 


Pantothenic  acid 
Biotin 

Vitamin  B12 
Ascorbic  acid 

Vitamin  D 
Vitamin  E 
Vitamin  K 


Bi;  aneurin 

Niacin;  Nicotinamide 
(Niacinamide)  equally  active 
Three  active,  related  com¬ 
pounds:  pyridoxine,  pyri- 
doxal,  pyridoxamine 


Cyanocobalamin 
Cevitamic  acid  (no  longer 
used) 

Calciferol 
Alpha  tocopherol 
Methylnaphthoquinone; 
menadione 


UNSPECIFIC  EFFECTS  OF  VITAMIN  DEFICIENCIES 

Studies  on  animals  have  provided  much  ‘"f°" 
the  Vitamins  Much  of  the  present  knowledge  of  the  biochermc 
functions  of  the  vitamins  has  been  obtained  from  annual  expert- 
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ments.  In  this  way  infonnation  has  been  secured  in  a  short  time. 
If  human  subjects  had  been  employed,  much  longer  time  would 
have  been  required,  and  it  would  have  been  difficult,  or  perhaps 
impossible,  to  secure  some  of  the  information.  For  instance, 
knowledge  of  the  roles  of  B  vitamins  in  enzyme  systems  was 
made  possible  by  studies  on  tissue  samples  which  can  be  ob¬ 
tained  easily  from  experimental  animals  and  cotdd  not  be 
obtained  from  human  subjects.  Some,  but  not  all,  of  the  data 
obtained  in  animal  experiments,  have  been  found  to  be  valid 
for  humans.  In  some  cases  the  necessary  human  studies  have  not 
yet  been  done.  When  it  has  been  found  that  a  vitamin  serves  as 
essential  metabolic  purpose  in  one  species  of  mammal,  it  is 
assumed  that  this  essential  function  also  operates  in  all  other 
species  of  mammals. 

However,  properties  frequently  are  assigned  to  individual 
vitamins  which  were  ascertained  by  procedures  in  use  at  a  time 
when  refined,  reliable  procedures  were  not  available.  Only  in 
recent  years  have  vitamins  been  made  obtainable  as  pure  sub¬ 
stances.  In  older  studies  crude  vitamin  preparations  were  em¬ 
ployed,  and  these  gave  results  which  might  have  been  due  to  a 
mixture  of  vitamins  rather  than  to  a  single  substance.  Unfor¬ 
tunately,  some  of  the  effects  which  were  obtained  are  still  listed 
as  properties  of  a  particular  vitamin.  There  is  a  more  serious 
aspect.  It  is  now  clear  that  some  of  the  functions  ascribed  to 
vitamins  are  not  specific  attributes  of  a  given  vitamin  or,  indeed, 
of  any  vitamin. 


When  rats  are  maintained  on  food  which  lacks  an  essential 
nutrient  a  sequence  of  changes  occur.  Within  a  more  or  less  short 
period  the  sensation  of  hunger  is  impaired,  and  food  consump- 
ton  lessens.  Body  weight  becomes  static.  Progressive  decrease  in 

Ittemm1!  e  Senerally.  to  a  loss  of  body  weight.  In  an 

food  ^1,  t  mere‘  ener§y  requirements  in  the  face  of  inadequate 

eached  T,e’  St°reS  are  depleted-  A  State  of  ignition  is 
reached.  This  sequence  of  changes  can  be  produced  by  a  depriva- 

ial  al:;oyaeSSde,U,al,nUtrient’  Whether  that  be  an  Len- 

by  tlTrat  whivir  T  *  S°diUm'  °r  an?  vitamin  required 
used  he"  "s  ^ f Xr,  Sy  e5iZed  ^  ViVO'  ”  *°UnS  ra«  are 
interpreted  as  meaning  that  the 
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vented  growth.  Then  the  particular  nutrient  is  said  to  be 
necessary  for  growth.  It  may  be  that  actual  growth,  as  measured 
by  an  increase  in  body  length  (the  criterion  used  for  human 
growth),  may  be  impaired.  On  the  other  hand,  the  failure  to 
increase  body  weight  may  be  due  to  a  rapid  utilization  of  fat 
with  consequent  lack  of  fat  storage.  If  increase  in  body  weight 
in  humans  were  called  “growth,”  as  it  is  in  animal  experiments, 
there  might  be  several  “growth”  periods  in  life. 

Several  of  the  vitamins  are  said  to  be  essential  for  growth 
because  of  misinterpreted  animal  experiments.  As  long  ago  as 
1934,  Orr  and  Richards22  observed  that  vitamin  A  deprivation 
caused  young  rats  to  fail  to  increase  body  weight  but  did  not 
cause  a  failure  in  increase  in  body  length.  Deprivation  of  a 
vitamin,  or  indeed  of  any  essential  nutrient,  may  impair  growth, 
but  in  many  cases  evidence  for  such  an  effect  on  children  is  not 
available.  Functions  ascribed  to  vitamins  need  to  be  scrutinized 
critically  to  determine  whether  (1)  the  function  has  been  proved, 
particularly  for  humans;  (2)  the  function  is  specific  for  the 


vitamin  in  question.  , 

In  addition  to  “growth,”  several  other  dubious  claims  should 

be  mentioned.  Thiamine  is  said  to  be  necessary  for  the  main¬ 
tenance  of  appetite.  While  it  is  true  that  thiamine  deprivation 
causes  a  more  drastic  effect  on  food  intake  than  does  a  lack  of 
most  other  nutrients,  this  type  of  effect  is  found  in  varying  degree 
when  experimental  animals  are  deprived  of  any  essential  nutri¬ 
ent  Even  in  rats  the  loss  of  appetite  is  not  specific  for  thiamine. 
Moreover,  it  is  not  established  that  thiamine  deficiency  causes 
a  loss  of  appetite  in  humans.  Vitamin  A  has  been  described  a 
the  "anti-infective  vitamin.”  A  wide  variety  of  nutritional  tie 
ctncies  lessens  resistance  to  infection,  at  least  in  experimental 
animals  This  is  another  instance  of  a  lack  of  speci  city  or  t 
aUeged  function.  Other  instances  will  be  mentioned  in  the  more 
detailed  discussion  of  individual  vitamins. 


VITAMIN  A 


Chemistry 

,,  ,eas.  3  closely  related  compounds  possess  vitamin  A  activity. 
At  least  .f  close.y  ‘  jnR  in  mammalian  tissues  and 

The  most  common  of  these,  occuimi& 


Nobel  I',  i/e  Winners  ^ml^thc  ’ 'l '  T*  '  a>'1<,r'  Kds-:  Thc 
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in  salt  water  fish,  is  named  vitamin  At  or,  generally,  vitamin  A. 
It  has  the  empiric  formula,  C20H29OH.  Vitamin  A2  differs  from 
the  first  by  possessing  an  additional  double  bond;  it  is  found  in 
fresh  water  fish.  The  two  properties  of  vitamin  A  first  to  be 
described  are  still  of  practical  importance.  Originally,  it  was 
called  a  fat-soluble  substance  because  it  was  found  in  a  number 
of  natural  fats.  This  characteristic  is  noteworthy  because  it  has  a 
bearing  on  losses  during  the  cooking  of  foods.  Since  vitamin  A 
is  soluble  in  fat  and  insoluble  in  water,  it  is  not  extracted  by  the 
water  in  which  food  is  cooked.  A  second  property  of  vitamin  A  is 
that  it  can  be  destroyed  by  oxidation,  a  process  which  is  accel¬ 
erated  by  heat.  The  duration  of  exposure  is  actually  more 
significant  than  the  temperature.  Ordinary  cooking  procedures 
have  little  effect  on  vitamin  A.  Dehydration  in  the  presence  of 
air  can  have  a  marked  influence. 

While  vitamin  A  occurs  in  animal  tissues  and  never  is  found 
in  plants,  many  plant  tissues  contain  pigments  called  carotenes 
which  can  be  converted  to  vitamin  A  in  and  by  animals.  The 


most  important  carotene  is  /3-carotene  which  has  the  empiric 
formula  C40H58.  The  mechanism  by  which  carotene  is  converted 
to  vitamin  A  is  not  definitely  established,  but  it  is  thought  to 
take  place  in  the  intestinal  mucosa  during  absorption.  The  effi¬ 
ciency  of  conversion  may  vary  considerably.  Carotene  and  chemi¬ 
cally  related  pigments  are  almost  completely  absent  from  the 
tissues  of  animals  which  have  white  body  fat;  such  animals  are 
sneep  goats,  pigs,  rats.  In  humans,  cattle,  hens  and  other  animals 
considerable  amounts  of  carotinoids  are  absorbed  without  conver- 
sion  to  vitamin  A,  and  appreciable  quantities  of  the  pigments 
y  e  found  in  body  tissues.  Because  carotene  can  be  converted 

and'tbp111}  U  ^  CallCd  pr°Vitamin  A-  Car°*ne  «  the  principal 
and  Canada aPCSt  ^  *°  °btain  Vhami"  A  in  United  States 


The  biologic  activities  of  vitamin  A  and  of  carotene  are 
Pr:i;:rT0nalUnitS'  define<1  terms  of  standardized, 

vitaml"  A  aceuie  or’ebv  0  300y  ‘'T  **  °  M4  «  °f 

is  defined  as  1  unit  Tk  ■  ^S'  0t  vitamin  A  alcohol 

tene  is  eouL  to  S''OWn  by  °'6  of  Pure  l®'Caro- 

equal  to  I  unit.  As  a  general  rule  ingested  carotene  has 
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about  half  the  biologic  activity  of  food  vitamin  A.  On  this  basis 
2,000  units  of  carotene  in  food  yields  only  about  1,000  units  of 
vitamin  A  in  the  body;  this  discrepancy  is  caused  by  inefficiency 
of  conversion  of  carotene  to  vitamin  A. 

Functions 

Initially,  it  was  shown  that  vitamin  A  is  needed  for  growth, 
or  at  least  weight  increase,  in  young  animals.  This  effect  is  not 
specific  for  vitamin  A,  and  this  vitamin  should  not  be  referred 
to  as  “the  growth  vitamin.” 

In  1917  McCollum  and  Simmonds23  reported  that  a  deficiency 
of  vitamin  A  caused  rats  to  develop  xerophthalmia.  The  literal 
meaning  of  this  name  is  “dry  eye.”  This  disease  had  been 
observed  in  infants  in  Japan  in  1904.  An  outbreak  among 
children  in  Denmark  occurred  in  1917.  In  both  countries  the 
disease  was  claimed  to  result  from  a  scarcity  of  food  fats.  In 
humans  and  rats  xerophthalmia  begins  with  a  drying  and  hard¬ 
ening  of  epithelial  tissue.  Edema  develops  about  the  affected 
eyes.  In  the  early  stages  xerophthalmia  responds  to  administra¬ 
tion  of  vitamin  A.  In  late  stages  an  infection  is  superimposed  on 
the  damaged  tissue.  The  cornea  shows  necrosis  and  ulceration, 
blindness  is  the  likely  result.  There  is  no  doubt  that  xerophthal¬ 
mia  is  a  specific  consequence  of  vitamin  A  deficiency  in  humans 
as  well  as  in  experimental  animals.  The  primary  lesion  pro¬ 
duced  by  the  deprivation  is  a  change  in  epithelial  tissue. 

Entirely  separate  from  the  prevention  of  xerophthalmia,  vita¬ 
min  A  is  necessary  for  vision.  The  first  observable  effect  of 
vitamin  A  deficiency  in  humans  is  an  impairment  of  vision  in 
subdued  light,  particularly  after  a  period  of  exposure  to  bright 
light.  This  “night  blindness”  was  observed  in  Newfoundland 
fishermen  who,  after  a  day  at  sea,  had  difficulty  in  seeing  as  night 
approached.  The  condition  responded  rapidly  after  administra¬ 
tion  of  vitamin  A.  Night  blindness  may  be  produced  by  causes 
distinct  from  a  lack  of  vitamin  A.  It  may  be  congenital,  or  it  may 
be  due  to  alcoholism  or  to  a  physical  defect  in  the  eye.  The  term, 
“functional”  night  blindness  is  used  to  apply  to  that  due  to 

vitamin  A  deficiency.  ,  .  f 

Due  mainly  to  the  studies  of  George  Wald“  the  mechanism  of 
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vitamin  A  in  vision  has  been  elucidated.  The  normal  retina  of 
the  eye  contains  a  pigment  known  as  rhodopsin  or  visual  purple. 
This  pigment  contains  vitamin  A  allied  to  a  protein.  When  the 
eye  is  exposed  to  light,  visual  purple  is  converted,  first  to  visual 
yellow  and  then  to  visual  white.  In  this  conversion  vitamin  A  is 
lost.  Visual  purple  may  be  regenerated  if  a  fresh  supply  of  vita¬ 
min  A  is  available.  Without  the  regeneration,  vision  is  impaired 
in  subdued  light  following  the  exposure  to  bright  light.  A 
measurement  of  night  blindness  (or  dark  adaptation)  has  been 
used  in  studies  on  vitamin  A  requirements  and  on  nutrition 
conditions  in  population  groups.  While  the  relation  of  vitamin  A 
to  visual  purple  is  clearly  established,  and  although  apparatus 
for  the  measurement  of  dark  adaptation  is  available,  this  meas¬ 
urement  has  fallen  into  disuse  and  disrespect  as  a  criterion  of 
vitamin  A  deficiency.  One  reason  has  been  the  realization  that 
night  blindness  may  be  due  to  a  variety  of  causes,  other  than  a 
lack  of  vitamin  A.  Another  reason  is  that  surveys  in  North 
America  have  failed  to  show  much  night  blindness  in  groups  of 
persons  who  were  thought  to  have  low  intakes  of  the  vitamin, 
as  judged  by  requirement  estimates.  The  specific  relation  of  a 
particidai  case  ot  night  blindness  to  a  lack  of  vitamin  A  can  be 
determined  easily  by  a  therapeutic  test.  If  the  night  blindness 
disappears  shortly  after  the  administration  of  considerable  vita-  - 
min  A,  it  can  be  assumed  to  have  been  caused  by  a  deficiency  of 
this  vitamin.  This  type  of  test  has  numerous  other  applications  in 
studies  of  nutriture. 

In  addition  to  xerophthalmia  and  night  blindness,  vitamin  A 
was  thought  to  cause  thickening  of  the  conjunctivae  with  the 
eventual  development  of  macroscopic  spots.  A  more  likely  cause 
Oi  such  thickening  is  exposure  of  the  eye  to  dust  or  other 


Vitamin  A  is  generally  thought  to  be  necessary  for  the  normal 
maintenance  Of  epithelial  tissue.  A  deficiency  of  vitamin  H 

v  ta  n  na‘im?0d  1°  *™P“°ns.  The  specific  relation  of 

vitamin  A  to  skin  condition  is  doubtful 

nm™^^t^rWaterVan  “““  ab°Ve  "Ced  " 

v.r  k  urine,  as  in  the  case  of  water-soluble  nutrients 

Vitamin  A  accumulates  in  the  liver.  A  well-nourished  ind.Wdua, 
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is  likely  to  have  a  sufficient  store  to  permit  subsistence  for  months 
on  food  devoid  of  vitamin  A  and  of  carotene  without  harmful 
effects.  A  markedly  large  intake  has  been  shown  to  be  harmful. 
Hypervitaminosis  A  was  observed,  first,  in  explorers  who  ate 
polar  bear  liver,  a  remarkably  rich  source  of  vitamin  A.  It  has 
been  seen  in  children  who  have  been  given  excessive  intakes  of 
75,000  units  or  more  daily  for  some  time. 

Except  for  its  relation  to  visual  purple,  no  other  function  of 
vitamin  A  has  been  elucidated  clearly. 

Requirements 

The  selection  of  requirements  for  vitamin  A  is  complicated 
by  a  variety  of  factors.  Three  types  of  evidence  have  been  used 
to  estimate  need:  (1)  the  determination  of  the  minimal  daily 
intake  needed  by  a  small  group  of  human  subjects  to  prevent 
the  appearance  of  night  blindness,  skin  changes,  or  other  signs 
of  deficiency;  (2)  estimates  reached  after  determination  of  the 
amount  of  vitamin  A  in  the  livers  of  persons  who  had  died  acci¬ 
dentally;  (3)  estimates  of  intakes  of  persons  who  have  been 
judged  to  be  well  nourished.  These  3  types  of  evidence  are  all 
open  to  criticism.  A  further  complication  is  the  equivalence  of  a 
determined  amount  of  carotene  in  food  to  available  vitamin 
activity  in  the  body.  This  equivalence  is  dependent  on  the 
amount  of  absorption  and  on  the  efficiency  of  conversion  of 
carotene  into  vitamin  A.  By  feeding  experiments  on  human 
subjects,  Hume  and  Krebs25  found  that  12,000  units  of  carotene 
in  boiled  carrots  eaten  after  slicing  or  made  into  puree  were 
required  to  ensure  that  3,000  units  would  be  absorbed.  The  same 
quantity  of  absorbed  carotene  would  be  obtained  by  eating 
5,500  units  in  homogenized  carrots,  or  from  7,500  units  in  cooked 
cabbage  or  spinach.  Obviously,  the  absorption  of  carotene  can 
vary  greatly.  It  is  commonly  assumed,  without  much  evidence, 
that  about  one  half  of  absorbed  carotene  will  be  converted  into 
vitamin  A  by  humans.  Since  carotene-rich  vegetables  are  the 
cheapest  and  the  most  widely  used  primary  sources  of  vitamin  A, 
these  various  factors  have  to  be  considered  in  estimating  requne- 

ments. 

During  World  War  II  a  study  to  determine  vitamin  A  requne- 
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ments  was  conducted  on  a  small  group  of  adults  in  Sheffield, 
England,  under  the  auspices  of  the  British  Medical  Research 
Council.  The  results  were  reported  by  Hume  and  Krebs.25  It 
was  found  that  1,300  units  of  vitamin  A,  ingested  as  such,  was 
sufficient  to  prevent  any  sign  of  deficiency;  this  amount  was 
regarded  as  a  minimal  requirement  for  healthy  adults.  To  pro¬ 
vide  a  margin  of  safety,  this  amount  was  doubled,  and  2,500  units 
recommended  as  a  suitable  daily  intake  of  vitamin  A  for  adults. 
The  study  indicated  that  from  1,250  to  1,900  units  of  carotene 
(average,  1,500)  was  a  minimal  dose,  provided  that  all  of  the 
carotene  was  absorbed.  Such  a  situation  is  most  unlikely.  To 
allow  for  loss  in  absorption  and  to  allow  a  margin  of  safety,  7,500 
units  was  proposed  as  a  suitable  intake,  if  the  dietary  source 
was  entirely  carotene.  Between  these  two  extremes  of  intakes  of 
vitamin  A  only  or  of  carotene  only  lie  the  food  intakes  which 
are  typical  for  most  humans.  It  has  been  estimated  that  an  ordi¬ 
nal  y  lood  intake  furnishes  one  third  of  vitamin  A  activity  as  the 
vitamin  itself  and  two  thirds  in  the  form  of  carotene.  For  such 
a  mixture  a  total  intake  of  5,000  units  could  be  estimated  to  be 
desirable  for  adults.  The  British  study  provided  no  information 
for  requirements  of  individuals  other  than  normal  adults. 

After  reviewing  existing  evidence  the  Canadian  Council  on 
Nutrition-'1  decided  that  vitamin  A  requirements  varied  with 
body  weight.  A  basic  requirement  of  72  units  of  carotene  per  Kg. 
of  body  weight  was  considered  to  be  suitable  for  children  of  all 
ages  and  for  adults.  For  a  man  weighing  70  Kg.  the  recommended 
intake  would  be  5,000  units  of  carotene.  It  was  stated  that  one 

fourth  of  this  amount  would  be  sufficient  if  the  intake  consisted 
ol  preformed  vitamin  A. 


The  Uimcl  States  Food  and  Nutrition  Board”  has  also 

weTatt  M-3'  V‘Tmln  A  rccluiremeilts  are  proportional  to  body 
eight  Mimmal  requirements  have  been  stated  to  be  20  units 

Of  preformed  vitamin  A  or  40  units  of  carotene  per  Kg.  of  body 

amounts  To  allowances  are  double  the  minimal 

ounts.  I  O  secure  figures  of  practical  usefulness,  the  Food  and 

Nutrition  Board  assumed  that  an  average  food  intake  1‘u 
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the  recommended  intake  of  vitamin  A  and  of  carotene  for  a 
“reference”  man  of  average  weight  would  be  5,000  units  a  day. 
The  recommended  intake  for  a  “reference”  woman  of  average 
weight  is  also  5,000  units.  The  advised  intakes  for  children  range 
from  1,500  units  for  infants  to  5,000  units  for  adolescents.  Al¬ 
though  there  is  no  clear  evidence  that  intakes  of  vitamin  A 
should  be  increased  during  pregnancy  and  lactation,  the  advised 
intake  is  6,000  units  a  day  in  the  third  trimester  of  pregnancy 
and  8,000  units  a  day  for  a  nursing  mother.  It  should  be  noted 
that  there  is  good  agreement  between  the  recommendations  made 
in  Britain  (based  on  human  experiment)  and  those  made  by  the 
United  States  Food  and  Nutrition  Board.  There  is  also  little 
discrepancy  in  relation  to  the  Canadian  Dietary  Standard.  All  of 
these  recommended  intakes  are  generous. 


Sources 


It  has  been  pointed  out  that  plant  tissues  contain  no  vitamin 
A,  and  that  any  vitamin  A  activity  is  due  to  carotene  which  must 
be  converted  to  the  vitamin  in  an  animal.  The  tissues  of  some 
animals  contain  vitamin  A  and  no  carotene;  in  other  animals, 


including  man,  both  vitamin  A  and  carotene  may  be  piesent. 
Various  procedures  may  be  used  to  determine  the  quantities  of 
vitamin  A  and  of  carotene  which  are  present  in  foods.  Both 


chemical  and  physical  procedures  are  available.  In  addition,  the 
vitamin  A  activity  of  a  food,  due  to  vitamin  A  and/or  carotene, 
may  be  measured  by  feeding  experiments  on  animals.  The 
chemical  and  the  physical  methods  are  much  more  rapid  and 
much  less  expensive  than  biologic  procedures.  Values  lor  vitamin 
A  and  for  carotene  may  be  determined  by  the  chemical  and 
the  physical  procedures  and  the  results  expressed  in  weight  of 
either  substance.  From  the  weights,  the  number  of  international 
units  can  be  calculated  on  the  basis  of  the  definitions  given 
previously.  This  arrangement  would  assume  that  all  of  the 
carotene  was  absorbed  and  converted  to  vitamin  A.  Complete 
absorption  and  conversion  is  most  unlikely  in  actual  eeding 
practice.  The  vitamin  A  values  reported  for  foods  can  be  mis¬ 
leading.  To  cite  an  example:  spinach  contains  a  high  concen¬ 
tration  of  carotene  and  no  vitamin  A.  The  amount  oi  carotene 
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can  be  measured  by  chemical  or  physical  analysis  and  the  results 
expressed  in  vitamin  A  activity  units.  If  spinach  is  eaten,  all  oi 
the  carotene  may  not  be  absorbed.  Only  a  fraction  of  the  ab¬ 
sorbed  carotene  may  be  converted  into  the  biochemically  active 
vitamin.  The  vitamin  A  activity  which  was  measured  by  analysis 
may  be  much  greater  than  that  which  reaches  body  tissues. 

Tables  of  food  composition  in  common  use  contain  figures  for 
vitamin  A  which  may  be  greater  than  the  amount  of  vitamin  A 
actually  received  by  the  person  who  eats  the  foods.  This  is  true, 
particularly,  of  vegetable  foods.  In  selecting  foods  to  furnish 
vitamin  A  several  factors  must  be  considered.  Some  animal- 
source  foods  contain  only  preformed  vitamin  A,  all  of  which  is 
likely  to  become  available  to  the  consumer.  Such  foods  are  gen¬ 
erally  expensive.  Green-leaf  and  yellow  vegetables  contain  no 
vitamin  A  but  are  very  rich  sources  of  carotene;  these  vegetables 
are  generally  cheap.  Collards,  turnip  greens,  carrots  and  squash 

Table  11.  Vitamin  A  Value  of  Some  Common  Foods 


Food 


Size  of 
Serving 


Vitamin  A  units 


Apricots,  dried,  cooked 


1  cup 
1  cup 
1  cup 
1  cup 


6,900 
1 ,800 
150 


Asparagus,  cooked 
Cabbage,  cooked 
Carrots,  cooked 
Cheese,  cheddar 
Collards,  cooked 
Eggs,  boiled 


1  ounce 
1  cup 
1  medium 

1  cup 

2  ounces 


18,000 

400 

14,500 


550 

9,200 


Kale 


Liver,  beef,  cooked 
Milk,  cow’s,  whole 
Milk,  cow’s,  skim 
Rutter 
Margarine 
Peas,  green,  cooked 
Prunes,  cooked 


1  square  (7  Gm.) 
1  square  (7  Gm.) 


1  cup 
1  cup 


1  cup 
1  cun 


30,000 


390 

10 

230 

230 

1,100 
O  OAA 
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contain  so  much  carotene  that  they  could  be  recommended  even 
if  only  one  tenth  of  the  carotene  were  converted  into  vitamin  A. 
Table  11  gives  vitamin  A  values  for  some  common  foods.  These 
are  open  to  the  criticism  expressed  above  but  they  serve  as 
practical  guides  in  selecting  foods.  The  values  have  been  taken 
from  Composition  of  Foods,  United  States  Department  of  Agri¬ 
culture  Handbook  No.  8,  1950.  Comments  on  some  individual 
foods  may  help  in  the  interpretation  of  this  table. 

Whole  milk,  butter  and  cheese  are  regarded  as  good  sources 
of  vitamin  A.  Most  of  the  vitamin  potency  is  due  to  preformed 
vitamin.  Since  both  the  vitamin  and  carotene  are  soluble  in  fat 
and  insoluble  in  water,  removal  of  the  fat  from  milk  lessens  the 
vitamin  A  content.  While  the  vitamin  A  activity  of  skim  milk 
is  low,  this  is  not  a  good  reason  for  not  using  skim  milk  in  reduc¬ 
ing  diets  or  for  economy.  Vitamin  A  can  be  obtained  cheaply 
from  yellow  and  green  vegetables.  The  vitamin  A  content  of 
milk  depends  on  the  carotene  intake  by  the  cow.  In  the  drying 
of  fodder  for  winter  use,  considerable  destruction  of  carotene 
occurs.  Consequently,  milk  from  cows  fed  dried  fodder  in  the 
winter  months  has  a  lower  content  of  vitamin  A  than  has  summer 
milk.  However,  cows  have  considerable  capacity  for  storage  of 
vitamin  A,  and  there  is  definite  carry-over  from  the  summer.  Egg- 
yolk  is  a  good  source  of  the  vitamin  but,  like  milk,  the  amount 
is  dependent  upon  the  intake  by  the  hen. 

The  vegetable  oils  ordinarily  used  for  the  production  of  mar¬ 
garine  contain  neither  carotene  nor  vitamin  A.  One  ciiticism 
of  margarine  as  produced  some  years  ago  was  that  it  was  devoid 
of  vitamin  A  and  was,  consequently,  inferior  to  butter.  In  mod¬ 
ern  practice  either  carotene  or  vitamin  A  is  added  to  margarine 
to  give  a  constant  amount  equal  to  that  in  the  best  butter. 
Carotene  can  give  not  only  vitamin  A  potency  to  margarine  but 


can  serve  also  as  a  coloring  agent. 

A  sustained  exposure  to  air  or  oxygen,  particularly  in  the  pres- 
ence  of  heat,  can  cause  destruction  of  both  carotene  and  vitamin 
A  If  ecus  are  exposed  to  air  during  drying  there  can  be  a  signifi¬ 
cant  loss;  vacuum  drying  prevents  such  loss  Similar  statements 
can  be  made  for  the  dehydration  of  vegetables.  Ordinary  house¬ 
hold  cooking  causes  no  measurable  loss  of  carotene  from  vege- 
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tables.  Owing  to  insolubility  in  water,  there  is  no  extraction  of 
carotene  by  cooking  water. 

A  customary  recommendation  to  ensure  an  adequate  intake 
of  vitamin  A  is  to  urge  the  liberal  use  of  green-leaf  and  yellow 
vegetables.  Spinach,  kale,  turnip  greens,  carrots,  squash  and  a 
number  of  other  vegetables  supply  very  large  amounts  of  carotene 
and  do  so  cheaply.  Beef  or  pork  liver  is  especially  useful  in  fur¬ 
nishing  great  quantities  of  preformed  vitamin.  The  oils  obtained 
from  the  livers  of  salt-water  fish  contain  large  amounts  of  the 
vitamin.  These  oils  are  commonly  employed  to  supply  vitamin  D. 


VITAMIN  D 
Chemistry 

Previous  to  1921,  rickets,  a  disease  characterized  by  faulty  bone 
foi  mation,  was  assumed  to  be  due  to  faulty  environment,  par¬ 
ticularly  lack  of  sunshine.  The  disease  was  most  prevalent  in 
winter  months  in  crowded  cities  in  the  temperate  zone.  In  1921 
Edward  Mellanby  produced  rickets  in  young  dogs  by  maintaining 
them  on  a  special  diet.  He  showed”  that  cod-liver  oil  would  cure 
or  prevent  rickets;  this  observation  had  been  made  many  years 
oefore  on  humans.  It  was  known  in  1921  that  cod-liver  oil  con- 
tainec  vitamin  A,  and  Mellanby  assumed  that  the  antiricketic 
component  was  identical  with  vitamin  A.  A  year  later,  McCollum 
a,H  associates29  were  able  to  destroy  vitamin  A  in  cod-liver  oil 

siened  to  T1  ‘°  an.tlncketic  P°‘ency.  The  letter  D  was  as¬ 
signed  to  the  antiricketic  factor  by  McCollum.  In  1924  Hess2'' 

LncHh  tf  I','"1  Steenb0tk3‘  at  ""  of  Wisconsin 

Ultraviolet  "d\notlnmally  antiricketic,  could  be  made  so  by 

altered  abr,0r  " ^  £°r  the  f°°d  constituent  which 

r 7  radiation,  it  seemed  at  first  to  be  cholesterol 

mercWmPhdS1S  P’aCed  °n  elgostero1  as  the  provitamin.  Conn 

marketedToluTnVas  and  ““ 

iXa^notedThat  codllvf"  P  T  “*** 

■ats  were  not  equally  active",  chickensThisI  dT' ,P°tency 
tion  of  2  and  Htpr  ,  .  .  ’  11S  led  to  the  recogni- 

in  cod-liver  oil  vvas  ’iianic'd' 1  'i' "  Substances-  That  present 

njmed  I,!'  and  that  prepared  from  ergosterol 
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Do  or  calciferol.  Both  are  sterols  of  closely  related  chemical  com¬ 
position.  Other  antiricketic  substances  have  been  found.  Of  the 
group,  Do  and  D3  are  the  members  of  nutritional  importance. 
While  the  potency  of  them  may  vary  in  different  species,  D2  and 
D3  are  believed  to  be  equally  valuable  for  humans. 

Vitamin  D2  has  the  empiric  formula  C28H440;  that  for  D3  is 
C27H44O.  The  basic  structure  is  similar  to  that  in  cholesterol,  in 
the  sex  hormones  and  in  the  hormones  of  the  adrenal  cortex. 
However,  the  ring  structure  of  the  D  vitamins  contains  2  double 
bonds  while  only  1  double  bond  is  found  in  cholesterol.  Vitamin 
D2  is  produced  by  the  exposure  of  ergosterol  to  ultraviolet  radia¬ 
tion.  Ergosterol  was  discovered,  originally,  in  ergot.  It  occurs  in 
fungi,  yeasts  and  hens’  eggs.  Vitamin  D3  is  formed  by  the  inaclia- 
tion  of  dehydrocholesterol;  this  provitamin  occurs  in  the  tissues 
of  mammals.  The  provitamins  and  the  D  vitamins  are  soluble  in 
fats,  insoluble  in  water  and  are  fairly  resistant  to  destruction  by 
oxidation  and  heat. 

The  potency  of  vitamin  D  preparations  is  determined  by  bio¬ 
logic  assay;  generally,  rats  are  used.  The  Committee  on  Biological 
Standardization  of  the  World  Health  Organization  decided  in 
1949  that  vitamin  D  potency  would  be  expressed  in  units.  One 
unit  is  the  potency  exhibited  by  0.025  /ig.  of  pure  vitamin  D3. 


Functions 

The  name  “rickets”  was  first  used  in  16S4  to  designate  a  dis¬ 
ease  in  England.  The  word  may  have  been  in  common  use  for  some 
time,  and  it  is  supposed  to  have  been  derived  from  an  Old  Eng¬ 
lish  word  meaning  “to  twist.”  The  disease  was  studied  by  several 
English  physicians  around  1640.  Because  of  medical  interest  and 
because  The  disease  increased  in  prevalence  in  England  it  became 
known  in  Europe  as  the  “English  Disease.”  There  is  consider¬ 
ate  evidence  that  it  was  also  frequent  in  the  cities  and  the  town 
of  northern  Europe.  Cod-liver  oil  came  into  use  for  the  treatment 
of  rickets  and  other  bone  diseases  in  the  18th  century.  _  ■  ^ 

rapid  inf  d^r  that  one  third 

IX  Jetties  Hke  ^n-C^ow 

had  obvious  rickets.  Two  explanations  of  the  cause 


Vitamin  D 


163 


vanced.  A  number  of  investigators  held  that  the  disease  was 
dietary  in  origin;  others  favored  the  view  that  the  disease  was 
caused  by  a  lack  of  sunshine^  It  was  found  that  rickets  could  be 
cured  by  exposing  affected  children  to  sunshine.  Presently,  irra¬ 
diation  from  a  mercury  lamp,  giving  ultraviolet  in  high  amount, 
was  found  to  be  effective.  The  production  of  experimental  rickets 
made  possible  the  discovery  of  vitamin  D.  The  investigations  of 
Hess  and  of  Steenbock,  showing  that  vitamin  D  could  be  pro¬ 
duced  by  irradiation,  led  to  the  reconciliation  of  the  two  explana¬ 
tions  of  rickets. 

Rickets  has  been  described  as  a  disease  of  infancy.  The  careful 
studies  of  Follis,  Park  and  associates32  showed  definitely  that 
rickets  can  occur  up  to  at  least  the  age  of  14.  It  is,  in  all  prob¬ 
ability,  a  disease  which  can  occur  at  any  time  during  bone 
growth.  The  residual  effect  of  rickets  may  persist  throughout 
he.  In  infants,  rickets  is  most  likely  to  be  evident  at  about  6 
mont  is  o  age  and  it  is  more  likely  to  be  severe  if  the  baby  is 
glowing  rapidly.  Premature  babies,  deprived  of  the  storage  of 
ca  cmm  which  normally  accumulated  in  the  last  month  of  preg- 

inhifam16  partlCularly  I5rone  to  severe  rickets.  While  rickets 

ence  o  a«Can  k  ^  ^  We"‘marked  visible  signs,  the  pres- 

bv  xravl  615  m  °Wer  Chi'dren  ca"  be  established  only 

oy  x-ray  examination.  ’ 

ply,  thus  made  avad  hie  P  T  the  marrow'  The  b'°°d  sup- 
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164 


The  Vitamins 


quent  deformation.  An  enlargement  of  the  ends  of  the  bones 
takes  place.  A  ricketic  baby  may  recover  spontaneously,  but  the 
deformed  bones  will  persist. 

A  lack  of  vitamin  D  is  the  cause  of  rickets.  As  a  consequence 
of  the  vitamin  deficiency,  absorption  of  both  calcium  and  phos¬ 
phorus  is  impaired,  and  excessive  amounts  are  excreted  in  the 
feces.  The  amount  of  calcium,  and  possibly  of  phosphorus,  is 
decreased  -in  the  blood  serum.  In  most  cases  of  rickets  the  blood 
calcium  is  very  low,  and  blood  phosphorus  is  kept  fairly  constant. 
As  a  result,  the  supply  of  calcium  to  the  bones  is  decreased 
markedly.  If  vitamin  D  is  supplied,  blood  calcium  is  brought 
quickly  to  normal,  and  bone  calcification  is  restored  to  its  proper, 
orderly  arrangement.  Alkaline  phosphatase,  an  enzyme  which 
produces  inorganic  phosphorus  from  organic  compounds,  is  in¬ 
volved  in  the  process  of  calcification.  In  rickets  the  amount  of 
phosphatase  in  the  blood  is  increased;  the  level  of  blood  phos¬ 
phatase  can  be  used  as  an  aid  in  the  detection  of  rickets. 

The  precise  mechanism  of  action  of  vitamin  D  is  unknown. 
There  is  no  doubt  that  the  vitamin  is  necessary  for  the  normal 


absorption  of  calcium  from  the  gastro-intestinal  tract.  The  ab¬ 
sorption  of  phosphorus  is  dependent,  partially  at  least,  on  ab¬ 
sorption  of  calcium;  a  deficiency  of  vitamin  D  may  produce  an 
impairment  in  phosphorus  absorption  as  a  secondary  effect. 
Vitamin  D  exerts  an  influence  on  the  urinary  excretion  of  phos¬ 
phorus.  Thus,  vitamin  D  improves  the  absorption  of  calcium  and 
phosphorus,  decreases  the  loss  of  phosphorus  through  the  kidneys 
and  thus  makes  available  both  elements  in  concentrations  suit¬ 
able  for  the  formation  of  bone. 

In  older  persons  a  deficiency  of  vitamin  D  can  cause  changes 
in  the  shafts  of  bones  with  a  softening  of  bone  structure.  The 
disease  in  adults  is  known  as  osteomalacia.  This  disease  has  been 
seen  in  western  countries  only  in  periods  of  severe  food  restric¬ 
tion,  as  in  Germany  during  World  War  I.  It  has  been  evident  in 
Asiatic  countries,  particularly  in  women  who  have  been  drained 
of  calcium  by  prolonged  nursing  of  babies 

Harmful  effects  can  be  produced  in  children  and  adults  by 
severely  excessive  amounts  of  vitamin  D.  The  amounts  req 
for  toxic  effects  are  in  the  neighborhood  of  40,000  units  a  c  ay  i 
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children  and  100,000  units  a  day  in  adults.  These  large  intakes 
cause  loss  of  appetite,  vomiting,  diarrhea  and  drowsiness.  The 
concentrations  of  both  calcium  and  phosphorus  in  the  blood  are 
abnormal  and  calcium  may  be  deposited  in  the  blood  vessels,  the 
heart,  and  various  soft  tissues.  Hypervitaminosis  D  has  been  pro¬ 
duced  in  infants  and  young  children  by  mistakes  in  dosage  and 
in  adults  by  excessive  amounts  which  were  tried  for  the  treatment 
of  arthritis. 

In  addition  to  effects  on  bones,  vitamin  I)  deficiency  can  alter 
tooth  structure.  1  he  bones  of  the  jaw  become  softened  and  de- 
formed.  In  children  deprived  of  vitamin  D,  teeth  erupt  irregu- 
laily  and  leave  poorly  calcified  enamel.  The  studies  of  Lady 
Mellanby33  showed  that  vitamin  I)  deficiency  in  children  causes 

the  formation  of  defective  teeth  which  are  especially  prone  to 
caries. 


Requirements 

1  lie  quantitative  need  for  vitamin  D  has  been  studied  in  in¬ 
fants  but  not  to  any  extent  in  children  and  adults.  After  sum- 
manzing  existing  information,  Jeans  and  Stearns"  stated  that 
the  requirement  for  a  full-term,  artificially  fed  baby  was  probably 
between  300  and  400  units  a  day.  While  breast-fed,  normal  babies 
may  require  less  vitamin  D  than  those  fed  cows  milk,  about  the 
same  intake  was  recommended.  Premature  babies  should  receive 

growth5  pUCK  <80°  “T  3  day>  durin«  l|ie  early  period  of  rapid 
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tion  are  similar  except  in  suggesting  400  to  800  units  a  day  for 
infants. 


Sources 


Very  few  foods  contain  significant  amounts  of  vitamin  D.  Na¬ 
ture  intended,  presumably,  that  vitamin  D  was  to  be  obtained 
by  the  conversion  of  provitamins  in  skin  into  the  vitamin 
through  exposure  of  the  skin  to  sunlight,  d  his  natural  procedure 
includes  a  protective  mechanism  to  prevent  the  receipt  ol  excess 
vitamin.  Tanned  skin  is  less  transmissive  to  ultraviolet  radiation; 
as  the  skin  is  tanned,  less  vitamin  D  is  formed.  Several  factors 
operate  to  lessen  the  amount  of  vitamin  D  received  by  the  action 
of  sunlight.  Apart  from  the  amount  of  skin  which  can  be  exposed 
to  sunlight  (the  amount  has  increased  noticeably  in  recent  years) , 
the  transmission  of  ultraviolet  energy  from  the  sun  to  the  exposed 
skin  is  influenced  in  several  ways.  In  the  winter  months  in  the 
Northern  Hemisphere  sunlight  passes  through  a  greater  amount 
of  atmosphere,  due  to  the  sun’s  position,  than  in  the  summer 
months.  Even  unadulterated  air  has  a  filtering  effect.  This  is 
increased  markedly  by  the  presence  of  smoke  and  dust.  The  prev¬ 
alence  of  rickets  in  crowded,  industrialized  cities  is  thus 

explained.  .  .  n 

Salt-water  fish  generally  contain  large  amounts  of  vitamin  u, 
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icularly  in  the  liver.  Since  the  vitamin  is  fat-soluble,  it  is 
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was  the  first  food  so  treated.  The  amount  of  the  vitamin  in  milk 
can  be  increased  in  3  ways:  (1)  by  the  feeding  of  large  amounts 
of  vitamin  D  to  cows;  (2)  by  the  addition  of  a  concentrated 
preparation  to  milk;  (3)  by  irradiation  of  milk  with  an  ultra¬ 
violet  lamp.  The  third  method  requires  expensive  equipment, 
and  there  is  an  upper  limit  of  about  200  units  a  quart  which  can 
be  secured  without  imparting  an  off-flavor  to  milk.  The  second 
method  enables  the  amount  of  vitamin  D  to  be  increased  to  400 
units  or  more  per  quart  without  change  in  flavor.  Vitamin  1) 
fluid  milk  is  available  in  many  communities.  Most  evaporated 
milk  contains  enough  added  vitamin  D  to  give  400  units  per 
quart  after  the  addition  of  the  recommended  amount  of  water. 
The  addition  of  vitamin  D  to  milk  makes  the  vitamin  available 
coincidentally  with  calcium  and  phosphorus.  The  addition  of 
vitamin  D  to  bread,  breakfast  cereals  and  other  foods  is  less 
advisable. 

The  supply  of  vitamin  D  to  infants  should  begin  at  about  2 
weeks  after  birth.  If  the  baby  is  fed  artificially  with  milk  con¬ 
taining  400  units  a  quart,  additional  vitamin  D  probably  is  not 
necessary.  While  cod-liver  oil  may  be  used,  concentrated  prepara¬ 
tions  carrying  400  units  in  3  to  5  drops  are  easier  to  administer 
and  are  not  likely  to  be  more  expensive.  The  use  of  a  vitamin  D 
preparation  should  be  continued  by  children  and  adolescents  in 
the  Northern  United  States  and  in  Canada  until  bone  growth 
has  ceased.  While  an  extra  supply  of  the  vitamin  may  not  be 
needed  during  the  summer  months,  it  is  easier  to  maintain  the 
practice  throughout  the  year  than  to  resume  after  a  summer 
cessation.  Expectant  mothers  should  be  advised  to  take  a  vitamin 
E>  preparation  in  an  amount  to  provide  400  units  a  day  during 
the  last  3  months  of  pregnancy.  A  similar  amount  should  be 
taken  by  a  nursing  mother. 

VITAMIN  E 
Chemistry 

Shortly  after  ns  discovery,  vitamin  E  was  recognized  as  being 
fat-soluble.  A  highly  purified  preparation  from  wheat  germ  oil 
was  shown  to  have  the  properties  of  an  alcohol.  For  this  reason, 
the  selected  name  carried  the  suffix  “-ol."  The  main  part  of  the 
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name  was  a  combination  of  two  Greek  words  meaning  “to  carry 
offspring.”  The  name  thus  chosen  was  “tocopherol.”  At  least  4 
closely  similar  compounds  were  isolated  from  natural  sources. 
These  were  named  alpha-,  beta-,  gamma-  and  delta-tocopherol. 
Alpha-tocopherol  is  the  vitamin  E  compound  present  in  the  germ 
oil  obtained  from  American  wheat.  Beta-tocopherol  is  present  in 
wheat  germ  oil  of  European  origin.  The  empiric  formula  of 
alpha-tocopherol  is  C29H50O2.  It  has  been  synthesized.  While  the 
various  tocopherols  all  possess  physiologic  activity,  alpha-tocoph¬ 
erol  appears  to  be  the  most  potent.  Tocopherol  is  used  as  a 
generic  name  for  all  members  of  the  group  and  as  a  pseudonym 
for  vitamin  E. 

One  property  of  tocopherol  is  of  considerable  interest.  It  be¬ 
haves  as  an  antioxidant  both  in  vitro  and  in  vivo.  By  accepting 
oxygen  itself,  tocopherol  prevents  the  oxidation  of  adjacent  com¬ 
pounds.  The  tocopherols  are  the  main  antioxidants  present  in 
natural  fats,  acting  to  prevent  the  development  of  rancidity. 


Functions 

The  discovery  of  vitamin  E  by  Evans  and  Bishop35  was  due  to 
an  observation  that  maintenance  on  a  particular  experimenta 
diet  caused  resorption  of  fetuses  and  termination  of  pregnancy  in 
female  rats.  There  was  no  impairment  in  the  functions  °  1  e 
ovaries.  Apparently,  there  was  an  interference  either  with  im¬ 
plantation  or  with  the  placentae.  The  dietary  deficiency 
produce  sterility  in  female  rats  but  did  so  ,n  male  rats.  In  males 
there  was  testicular  degeneration  with  a  failure  in  the  pro  uction 
of  sperms.  Somewhat  concordant  effects  have  been  found 

Many  other  results  of  vitamin  E  deficiency  have  been  described 
with  noticeable  species  difference.  The  most  universal  conse- 
nuence  of  deprivation  has  been  muscular  dystrophy.  Lesions  o 
Teletal,  smooth  and  cardiac  muscles  have  been  'lescnbed.  The 
most  pronounced  muMiu^^changes^hav^^een  ^  pale 

have  widespread  — ^  “ 
animals  exhibit  paralysis  and  are 
properly. 


Fig.  9.  Portrait  of  E.  V.  McCollum. 
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Considerable  attention  has  been  given  to  the  antioxidant  prop¬ 
erty  of  tocopherol,  especially  with  regard  to  the  protection  of 
fats,  carotene  and  vitamin  A.  The  vitamin  A  stores  are  depleted 
in  the  livers  of  animals  deficient  in  vitamin  E  and  are  augmented 
when  vitamin  E  is  supplied.  It  is  assumed  that  vitamin  E  pro¬ 
tects  carotene  and  vitamin  A  from  oxidation  in  the  gastrointes¬ 
tinal  tract.  Vitamin  E  protects,  also,  ingested  fats  and  thus  en¬ 
hances  fat  deposition. 

A  state  of  vitamin  E  deficiency  has  not  yet  been  identified  in 
humans.  The  concentration  of  tocopherols  in  the  blood  can  be 
measured  and  it  is  a  reflection  of  the  intake.  Although  a  deficiency 
causes  muscular  dystrophy  in  a  number  of  mammalian  species, 
administration  of  the  vitamin  has  failed  to  improve  human  cases 
of  progressive  muscular  dystrophy.  Its  use  has  been  advocated  for 
the  prevention  of  habitual  abortion  and  for  the  treatment  of 
several  types  of  heart  disease,  of  diabetes  and  several  other  dis¬ 
eases.  No  clinical  usefulness  for  vitamin  E  has  been  established. 
In  tieatments  so  far  advocated  very  large  doses  have  been  used; 
the  vitamin  may  possess  a  druglike  action  under  certain  condi¬ 
tions.  Since  it  has  not  yet  been  proved  that  humans  need  vitamin 
E,  requirements  cannot  be  suggested. 


Sources 

The  tocopherols  are  widely  distributed  in  plant  and  animal 
tissues  They  are  particularly  abundant  in  green  leaves  and  in 
the  oil  found  in  the  germs  of  cereal  seeds.  Wheat  germ  oil  is  an 
especially  rich  source.  Tocopherols  are  found  in  small  amounts 
m  the  seed  endosperms.  Considerable  tocopherol  is  present  in 
milk,  butter,  eggs  and  liver.  Corn  oil  and  cottonseed  oil  are  oGod 
sources  of  tocopherols.  Pharmaceutical  preparations  are  available. 

VITAMIN  K 
Chemistry 

dJehd\dr°Very>  °£.Vitami"  K  was  due  to  H.  »an,36  who  pro- 
•  f  J-  h!.™0rrhaglc  d,sease  in  chickens  by  feeding  them  a  sue 
c.al  diet.  The  vitamin  was  found  in  green  leaves  w,  7  * 

e  fat-soluble  and  was  isolated  from  dehydrated  alfalfa'' The 
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determined  empiric  formula  is  C31H4602.  The  vitamin  isolated 
from  alfalfa  was  shown  to  be  methyl-phytyl-naphthoquinone.  A 
second  compound  was  obtained  from  putrefied  fish  meal  and 
from  feces.  This  compound  was  called  K2;  K4  is  used  as  the  name 
of  the  vitamin  present  in  green  leaves.  Vitamin  K2  is  methyl- 
difarnesyl-naphthoquinone  with  the  empiric  formula  C41H5602. 
Both  compounds  have  been  synthesized.  Other  derivatives  of 
naphthoquinone  have  been  tested  for  vitamin  K  activity.  Methyl- 
naphthoquinone  was  found  to  have  physiologic  activity  at  least 
equal  to  that  of  the  natural  vitamin  K4.  It  can  be  synthesized  in¬ 
expensively  and  is  used  widely  as  a  pharmaceutic  preparation. 
Methylnaphthoquinone,  like  vitamin  K4  and  K2,  is  insoluble  in 
water  and  soluble  in  fats  and  oils.  Several  derivatives  of  methyl¬ 
naphthoquinone  are  soluble  in  water  and  can  be  used  for  intra¬ 
venous  administration.  Methylnaphthoquinone  has  been  given  a 
shorter  name,  menadione. 


Functions 

Vitamin  K  has  a  single,  specific  effect.  It  promotes  the  forma¬ 
tion  of  prothrombin,  a  substance  which  is  essential  for  the  clot¬ 
ting  of  blood.  The  hemorrhagic  tendency,  first  observed  in  chick¬ 
ens  maintained  on  a  special  diet,  was  found  to  be  due  to  an  im¬ 
pairment  in  the  blood-clotting  mechanism,  causing  blood  to  clot 
very  slowly.  It  was  shown  that  such  blood  contained  a  subnormal 
amount  of  prothrombin.  This  substance  probably  is  produced  in 
the  liver.  In  the  first  phase  of  clotting,  prothrombin  is  converted 
into  thrombin  under  the  influence  of  calcium  ions  and  other 
activators.  The  blood  contains  in  solution  a  protein,  fibrinogen. 
Thrombin  transforms  fibrinogen  into  fibrin,  which  is  gel.  \  ita 
min  K  deficiency  causes  the  amount  of  prothrombin  in  the  blood 
to  be  much  less  than  normal.  Hence,  the  ability  of  the  blood  to 

clot  is  impaired. 

Vitamin  K  deficiency  can  be  produced  in  chickens  and  m  va  i- 
ous  species  of  animals  by  the  use  of  special  diets.  In  humans  a 
dietary  deficiency  has  been  observed  only  in  a  few  cases  w  en 
top!!  had  lived"  on  foods  chosen  according  to  dietary  notions 

Newborn  babies,  and  indeed  the  young  of  such  species as 
sheep,  goats  and  guinea  pigs,  contain  very  little  vitamin  K, 
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because  it  is  not  contributed  through  the  placenta  or  because  it 
is  not  stored  by  the  fetus.  The  consequent  impairment  in  blood 
clotting  is  conducive  to  hemorrhagic  disease  of  the  newborn. 
Since  the  situation  can  be  prevented  by  giving  menadione  to  the 
mother  shortly  before  parturition,  failure  in  placental  transmis¬ 
sion  is  not  the  likely  cause  of  the  very  low  storage  in  the  infant. 
Such  treatment  of  the  mother  is  routine  in  many  hospitals.  If  the 
mother  is  not  given  menadione,  the  vitamin  is  administered  to 
the  baby  shortly  after  birth. 

Most  cases  of  vitamin  K  deficiency  in  humans  are  secondary  to 
other  defects.  Bile  salts  must  be  present  in  the  small  intestine  for 
the  absorption  of  vitamin  K.  In  obstructive  jaundice,  bile  salts 
are  absent,  and  a  low  prothrombin  level  in  the  blood  is  a  com¬ 
mon  finding.  Administration  of  vitamin  K  restores  the  pro- 
tin  ombin  level  to  normal.  If  an  oil  solution  of  the  vitamin  is 
used,  bile  salts  must  also  be  supplied.  Absorption  of  the  vitamin 
may  be  impaired  in  various  types  of  intestinal  disease,  such  as 
intestinal  obstruction,  chronic  colitis,  prolonged  diarrhea  and 
spi  ue.  Severe  liver  damage  or  surgical  removal  of  the  liver  causes 
a  depression  of  blood  prothrombin;  this  is  not  corrected  by  treat¬ 
ment  with  vitamin  K  presumably  because  prothrombin  is  formed 
in  the  liver. 

Although  it  is  clear  that  humans  require  vitamin  K,  there  is 
no  leliable  information  about  requirements. 


SOURCES 


Green  leaf  vegetables  are  generally  excellent  sources  of  vitamin 
K.  Such  vegetables  as  spinach,  kale  and  cabbage  are  useful  The 
outer  leaves  of  cabbage  contain  about  4  times  as  much  as  do  the 
mner,  white  leaves.  There  appears  to  be  some  coincidence  be- 
ween  the  ability  to  form  chlorophyl  and  the  vitamin  K  content 
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duced  in  the  intestine  to  keep  the  clotting  time  of  the  blood 
normal,  even  if  the  food  intake  is  devoid  of  vitamin  K.  The 
spontaneous  recovery  of  blood  prothrombin  in  infants  about  1 
week  after  birth  is  due  probably  to  the  development  of  sufficient 
bacteria  in  the  intestine  to  supply  vitamin  K. 


THIAMINE 

Chemistry 


After  the  recognition  that  vitamin  B  consisted  of  at  least  2 
components,  the  antiberiberi  or  antineuritic  factor  was  named 
vitamin  B  in  the  United  States  and  vitamin  B4  in  Great  Britain. 
This  vitamin  was  isolated  in  very  small  amounts  by  Janssen  and 
Donath  in  192637  and  was  named  “aneurin”  by  Janssen.  The 
American  Medical  Association  objected  to  this  name  because  it 
indicated  physiologic  function.  Improvements  in  the  process  ol 
isolation,  permitting  greater  yields,  were  made  by  Williams  et  al. 
in  1934. 38  By  this  time  it  was  known  that  the  vitamin  contained 
sulfur;  to  denote  that,  Williams39  suggested  the  name  thiamine. 
This  name  is  now  in  general  use. 

The  empiric  formula  of  thiamine  is  C12H17N4OSCl*HCl.  It 
consists  of  a  pyrimidyl  compound  linked  to  a  thiazole.  Methods 
for  its  synthesis  were  evolved  in  laboratories  in  the  United  States, 
Britain  and  Germany.  It  is  now  produced  synthetically  on  a  large 
scale  and  is  available  at  remarkably  low  cost.  Thiamine  is  soluble 
in  water  and  insoluble  in  fat.  In  acid  solution  or  in  acid  foods 
it  is  reasonably  stable  to  oxidation,  even  in  the  presence  of  heat. 
At  a  pH  between  5  and  7  it  is  less  resistant  to  heat.  In  alkaline 
solution  or  in  alkaline  foods  it  is  rapidly  destroyed  at  a  tempera¬ 
ture  of  100°  C.  or  even  at  room  temperature  if  stored  for  any 

length  of  time. 

Functions 


Thiamine  deficiency  causes  beriberi  in  humans  and  polyneu¬ 
ritis  in  pigeons,  rats,  dogs  and  other  experimental  animals.  Beri¬ 
beri  was  formerly  seen  with  some  frequency  m  Newfoundland 
It  has  been  endemic  in  Japan,  Southern  China,  the  Pluhppmes 
and  the  East  Indies.  Beriberi  has  been  prevalent  among  peop 
whose  main  food  is  a  refined  cereal,  such  as  polished  nee.  1 
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types  of  beriberi  have  been  described:  (1)  dry,  (2)  wet  and  (3) 
cardiac  or  acute.  The  dry  type  is  characterized  by  multiple  periph¬ 
eral  neuritis  with  muscular  atrophy.  In  wet  beriberi  edema 
is  present.  Cardiac  or  acute  beriberi  has  cardiovascular  changes. 
In  infants,  beriberi  is  generally  an  acute  disease  with  marked  en¬ 
largement  of  the  heart  and  the  likelihood  of  sudden  death,  if 
thiamine  is  not  supplied.  While  peripheral  nerves  are  affected 
by  thiamine  deficiency,  usually  there  are  no  marked  mental 
changes.  Beriberi  may  occur  in  chronic  alcoholics,  due  not  to  a 
toxic  effect  of  alcohol  but  to  a  failure  to  eat  food  containing 
thiamine. 

1  he  first  consequence  of  thiamine  deficiency  in  experimental 
animals  is  a  loss  of  appetite,  followed  by  a  |nrp  fo  g:il'n 
A  loss  of  appetite  is  produced  by  almost  any  nutrient  deficiency, 
but  thiamine  lack  has  a  more  severe  effect  than  is  found  for  any 
other  deficiency.  There  is  no  clear  explanation  for  the  anorexia. 
1  olyneui  itis  was  first  produced  in  hens,  and  pigeons  were  used 
in  many  of  the  classic  studies  on  thiamine.  Maintenance  on  a  diet 


consisting  only  of  polished  rice  causes  pigeons  to  develop  clear-cut 
polyneuritis  in  about  4  weeks.  Deficient  pigeons  exhibit  an  in¬ 
ability  to  use  the  legs,  and  the  head  is  laid  on  the  back  in  typical 
episthotonos.  Theie  is  no  marked  histologic  change  in  the  nerves 

or  other  tissues,  and  administration  of  thiamine  causes  prompt 
recovery.  1  1 

Peters  and  his  associates  studied  metabolic  processes  in  brain 
tissue  from  polyneuritic  pigeons  and  founds  that  carbohydrate 
meta  bolism  was  impaired  at  the  pyruvate  stage.  The  defect 
removed  by  the  addition  o^ thiamine  solution  to  the  brain  tissi.r 
levious  to  those  studies,  Neu berg  et  al* *  had  discovered  iTTyeast 
an  enzyme  which  decarboxylates  pyruvate  to  form  acetate  the 

~  "T”1  tarbox>'lase-  Simola<2  showed  that  the  tissues 

box  laT  n‘tS  COmained  SUbn0rmal  an™™  of  car- 

of  tL  I  ,  '  Lohmann  and  Schuster43  isolated  the  coenzyme 
of  the  carboxylase  system  and  found  that  the  coenzyme  was  thia 

mine  pyrophosphate.  These  related  investigations  elucidated  the 

* . 
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duced  in  the  intestine  to  keep  the  clotting  time  of  the  blood 
normal,  even  if  the  food  intake  is  devoid  of  vitamin  K.  The 
spontaneous  recovery  of  blood  prothrombin  in  infants  about  1 
week  after  birth  is  due  probably  to  the  development  of  sufficient 
bacteria  in  the  intestine  to  supply  vitamin  K. 


THIAMINE 

Chemistry 


After  the  recognition  that  vitamin  B  consisted  of  at  least  2 
components,  the  antiberiberi  or  antineuritic  factor  was  named 
vitamin  B  in  the  United  States  and  vitamin  B,  in  Great  Britain. 
This  vitamin  was  isolated  in  very  small  amounts  by  Janssen  and 
Donath  in  192637  and  was  named  “aneurin”  by  Janssen.  The 
American  Medical  Association  objected  to  this  name  because  it 
indicated  physiologic  function.  Improvements  in  the  process  ol 
isolation,  permitting  greater  yields,  were  made  by  Williams  et  al. 
in  1934.38  By  this  time  it  was  known  that  the  vitamin  contained 
sulfur;  to  denote  that,  Williams39  suggested  the  name  thiamine. 
This  name  is  now  in  general  use. 

The  empiric  formula  of  thiamine  is  C12H17N4OSCl-HCl.  It 
consists  of  a  pyrimidyl  compound  linked  to  a  thiazole.  Methods 
for  its  synthesis  were  evolved  in  laboratories  in  the  United  States, 
Britain  and  Germany.  It  is  now  produced  synthetically  on  a  large 
scale  and  is  available  at  remarkably  low  cost.  Thiamine  is  soluble 
in  water  and  insoluble  in  fat.  In  acid  solution  or  in  acid  foods 
it  is  reasonably  stable  to  oxidation,  even  in  the  presence  of  heat. 
At  a  pH  between  5  and  7  it  is  less  resistant  to  heat.  In  alkaline 
solution  or  in  alkaline  foods  it  is  rapidly  destroyed  at  a  tempera¬ 
ture  of  100°  C.  or  even  at  room  temperature  if  stored  for  any 

length  of  time. 

Functions 


Thiamine  deficiency  causes  beriberi  in  humans  and  polyneu¬ 
ritis  in  pigeons,  rats,  dogs  and  other  experimental  antmaR  Ben- 
beri  was  formerly  seen  with  some  frequency  in  Newfoundland 
it  has  been  endemic  in  Japan,  Southern  China,  the  Philippines 
and  the  East  Indies.  Beriberi  has  been  prevalent  among  peop 
whose  main  food  is  a  refined  cereal,  such  as  polished  rice.  7 


Thiamine 


173 


types  of  beriberi  have  been  described:  (1)  dry,  (2)  wet  and  (3) 
cardiac  or  acute.  The  dry  type  is  characterized  by  multiple  periph¬ 
eral  neuritis  with  muscular  atrophy.  In  wet  beriberi  edema 
is  present.  Cardiac  or  acute  beriberi  has  cardiovascular  changes. 
In  infants,  beriberi  is  generally  an  acute  disease  with  marked  en¬ 
largement  of  the  heart  and  the  likelihood  of  sudden  death,  if 
thiamine  is  not  supplied.  While  peripheral  nerves  are  affected 
by  thiamine  deficiency,  usually  there  are  no  marked  mental 
changes.  Beriberi  may  occur  in  chronic  alcoholics,  due  not  to  a 
toxic  effect  of  alcohol  but  to  a  failure  to  eat  food  containing 
thiamine. 

I  he  first  consequence  of  thiamine  deficiency  in  experimental 
animals  is  a  loss  of  appetite,  followed  by  a  hiilm-p  tr>  on  In 
A  loss  of  appetite  is  produced  by  almost  any  nutrient  deficiency, 
but  thiamine  lack  has  a  more  severe  effect  than  is  found  for  any 
other  deficiency.  There  is  no  clear  explanation  for  the  anorexia. 
Polyneuritis  was  first  produced  in  hens,  and  pigeons  were  used 
in  many  of  the  classic  studies  on  thiamine.  Maintenance  on  a  diet 


consisting  only  of  polished  rice  causes  pigeons  to  develop  clear-cut 
polyneuritis  in  about  4  weeks.  Deficient  pigeons  exhibit  an  in¬ 
ability  to  use  the  legs,  and  the  head  is  laid  on  the  back  in  typical 
episthotonos.  There  is  no  marked  histologic  change  in  the  nerves 

or  other  tissues,  and  administration  of  thiamine  causes  prompt 
recovery.  1  1 

Peters  and  his  associates  studied  metabolic  processes  in  brain 
tissue  from  polyneuritic  pigeons  and  found*0  that  carbohydrate 
meta  bolism  was  impaired  at  the  pyruvate  stage.  The  defect  was 
remgYgdbjrjheaddition  of  thiamine  solution  to  the  brain  tissi.r 
levious  to  those  Studies,  Neuberg  et  a/«  had  discovered  in“yeast 
an  enzyme  which  decarboxylates  pyruvate  to  form  acetate-  the 

of  ThTamTne  dT^  Carb°XylaSe-  Simola42  showed  that  the  tissues 

boxvh”7n1eo»7lTntf  ratS  C°mained  sub“  =™ts  of  car- 
Xase-  11  1937  Lobmann  and  Schuster«  isolated  the  coenzyme 

Of  the  carboxylase  system  and  found  that  the  coenzyme  was  thTa 
mine  pyrophosphate.  These  related  investigations  elucidated  the 
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and,  consequently,  essential  for  this  stage  of  carbohydrate  metab¬ 
olism.  Peters  described  the  principal  effect  of  thiamine  defici¬ 
ency  as  a  “biochemical  lesion,”  in  which  carbohydrate  metabo¬ 
lism  is  affected  by  a  failure  in  the  conversion  of  pyruvate  to 
acetate.  It  is  now  known  that  there  is  a  series  of  decarboxylating 
enzymes,  all  containing  thiamine  pyrophosphate  as  the  coenzyme 
and  concerned  with  the  decarboxylation  of  alpha  ketonic  acids, 
like  pyruvic.  In  most  of  these  enzymes,  the  structure  consists  of 
thiamine  pyrophosphate  plus  magnesium  plus  a  specific  protein. 

The  elucidation  of  the  function  of  thiamine  was  linked  to 
human  beriberi  by  the  observations  of  Platt  and  Lu.44  4  hey  re¬ 
ported  that  the  concentration  of  pyruvic  acid  in  the  blood  was 
increased  in  cases  of  beriberi.  This  observation  became  the  basis 
of  a  laboratory  test  of  thiamine  deficiency.  In  practice,  a  load  test 
of  glucose  is  given  orally  to  a  subject.  Blood  samples  are  taken 
at  0,  1/2,  1,  2,  3  hours  after  ingestion  of  the  glucose  and  pyruvic 
acid  determined  by  chemical  analysis.  In  a  normal  person  the 


blood  pyruvate  increases  during  the  first  hour  and  is  restoied  to 
normal  within  3  hours.  In  a  person  markedly  deficient  in  thia¬ 
mine  the  initial  level  is  higher,  increases  to  a  greater  extent  after 
glucose  ingestion  and  remains  elevated  for  3  hours  or  more.  The 
application  of  this  diagnostic  test  was  described  by  Taylor  and 
McHenry.45  Its  use  is  dependent  upon  the  impairment  in  pyru¬ 
vate  utilization  caused  by  a  deficiency  in  cocarboxylase. 

Various  effects  of  thiamine  deficiency  in  humans  have  been 
described.  Beriberi  patients  show  frequently  an  enlargement  of 
the  right  side  of  the  heart  and  changes  in  electrocardiograms. 
The  most  common  cause  of  sudden  death  in  acute  thiamine  de 
ciency  is  the  cardiac  lesion.  In  some  early  investigations  on  the 
effects  of  thiamine  deficiency,  emphasis  was  placed  on  changes  in 
the  gastro  intestinal  tract.  The  deficiency  was  claimed  to  produce 
decreased  motility  of  the  stomach  and  of  the  intestines,  t  t  at 
time  pure  thiamine  (and  other  vitamins)  were  not  available  an 
the  studied  condition  was  probably  a  multiple  deficiency, 
recent  studies  have  failed  to  confirm  the  observations  It  has  been 
asserted  also  that  thiamine  deficiency  causes  ■nemal  depress 
(which  may  be  induced  by  a  number  of  factors)  and 
lessens  learning  ability.  These  claims  are  dubious.  The  prove 
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primary  consequence  of  thiamine  deprivation  is  the  biochemical 
lesion  described  by  Peters:  the  impairment  in  carbohydrate  me¬ 
tabolism  at  the  pyruvate  stage  due  to  the  decreased  availability  of 
cocarhoxvfase. 


Requirements 

Since  thiamine  is  required  for  the  normal  metabolism  of  carbo¬ 
hydrate  and  apparently  not  needed  for  the  utilization  of  fat  or 
protein,  it  would  be  expected  that  thiamine  requirements  would 
vary  directly  with  the  proportion  of  total  calories  derived  from 
carbohydrate.  The  converse  also  would  be  anticipated.  The  thia¬ 
mine-sparing  action  of  dietary  fat  was  first  demonstrated  by 
Evans  and  Lepkovsky,46  prior  to  the  elucidation  of  the  function 
of  the  vitamin.  In  areas  in  which  beriberi  has  been  endemic, 
customary  food  intakes  have  been  low  in  thiamine  and  fat.  High 
intakes  of  carbohydrate  augment  the  need  for  thiamine. 


n  view  of  the  metabolic  function  of  thiamine,  it  would  be 
proper  to  express  the  need  in  terms  of  the  intake  of  carbohydrate 
calories.  This  has  been  done  only  to  a  small  extent.  In  practice, 
thiamine  requirements  have  been  expressed  in  milligrams  of 
t  lamine  per  1,000  total  calories  per  day.  On  theoretic  grounds, 
at  least,  the  need  for  thiamine  per  1,000  total  calories  should  be 
gi eater  if  80  per  cent  of  the  total  energy  comes  from  carbohydrate 

inUn  !hcn  lf  50  PCr  CCnt  is  suPPlied  bY  carbohydrate  (as 

li  C  States  ancI  Canacla) .  Such  refinement  is  not  gen¬ 

erally  used  in  expressing  requirements. 

Estimates  of  thiamine  requirements  have  ranged  from  0.17  to 
0.6  mg.  per  1,000  calories  per  day.  Keys  e,  al%  reported  th“ 

“  rr  si,,;jects  were 

aige  ill  physical  or  mental  performance  for  161  d-ivs  on  an 
intake  of  0.23  mg.  per  1,000  calories.  This  study  was  cn  icired  as 
being  too  short  to  give  reliable  results.  H„lt«  reviewed  he  work 

sz 

only  slight  land  dmd  t  mg'  ^  ’°0°  Calories  and  observed 

bash  oftesl  and  Xr  sLrs^U1?:,'^ 

trition  Board5®  concluded  that  "rb  —  S‘ateS  F°°d  and  Nu‘ 

eluded  that  the  minimal  requirement  for 
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adults  may  be  considered  to  be  approximately  0.23  mg.  for  each 
1,000  calories.”  This  may  be  rounded  off  as  0.2  mg.  per  1,000 
calories  for  everyday  use.  This  figure  is  in  good  accord  with  re¬ 
quirements  determined  for  rats,  dogs,  swine  and  several  other 
species.  This  estimate  ignores  the  ratio  of  fat  and  carbohydrate 
in  the  food  intake.  It  is  interesting  to  recall  conclusions  reported 
by  Williams  and  Spies  in  1938. 51  They  reviewed  various  types  of 
existing  data,  including  food  intake  studies  conducted  in  areas 
free  from  beriberi  and  in  those  rampant  with  the  disease.  They 
decided  that  the  minimal  protective  intake  of  thiamine  was  0.3 
mg.  per  1,000  calories  if  the  food  was  devoid  of  fat  and  0.18  mg. 
per  1,000  calories  if  fat  supplied  40  per  cent  of  the  total  calories. 
It  can  be  seen  that  there  is  actually  considerable  coincidence  in 
estimates  of  minimal  requirements.  It  should  be  noted,  however, 
that  a  minimal  estimate  of  0.2  mg.  per  1,000  calories  may  be 
applicable  only  when  the  food  intake  contains  the  generous 
amounts  of  fat  to  which  people  in  the  United  States  and  Canada 
are  accustomed  at  present.  It  may  be  advisable  to  increase  the 
estimate  of  minimal  requirement  to  0.3  mg.  per  1,000  calories  for 
persons  subsisting  on  low  intakes  of  fat.  In  fact,  this  is  the  intake 
recommended  by  the  Canadian  Council  on  Nutrition'-  for  use 

in  Canada.  •  . 

The  results  of  several  studies  on  thiamine  requirements  indi- 

cate  that  from  0.2  to  0.3  mg.  per  1,000  calories  is  not  sufficient 
and  that  intakes  of  0.5  to  0.6  mg.  per  1,000  calories  are  prefer¬ 
able.  There  is  no  clear  evidence  that  such  intakes  confer  added 
benefits  in  health.  However,  the  most  recent  recommendation  o 
the  United  States  Food  and  Nutrition  Board™  is  that  the  intake 
should  be  0.5  mg.  per  1,000  calories  for  total  intakes  of  less  dian 
3  000  calories  and  0.2  mg.  for  each  1,000  calories  above  3,000.  If 
enerev  intakes  are  less  than  2,000  calories,  the  total  thiamine  in¬ 
take!!  day  should  not  drop  below  1  mg.  These  recommendations 
Ire  generous  but  are  attained  easily  from  commonly  available 
food!  in  prosperous  countries.  In  areas  in  which  economic  com! - 
tions  are  adverse  and  where  food  supplies  are  meager  the  goal 
ohnnld  be  to  attain  the  minimal  estimates. 

There  is  h  tie  information  regarding  thiamine  requirements  o 
inflnts  Children,  adolescents,  expectant  and  nursing  mothers.  » 
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is  generally  felt  that  recommendations  made  for  adults  are  suit¬ 
able  for  all  others. 

Sources 

It  has  been  pointed  out  that  beriberi  has  been  endemic  in  areas 
where  people  subsisted  mainly  on  such  refined  cereals  as  polished 
rice.  In  Newfoundland  beriberi  was  evident  when  the  food  used 
in  greatest  amount  was  white  bread.  The  disease  has  not  been 
seen  in  people  who  used  a  varied  food  intake  including  meat, 
eggs  or  milk.  These  statements  indicate  the  distribution  of  thia¬ 
mine  in  foods. 

Cereals  are  low-cost  foods  for  humans  because  they  give  a  large 
return,  particularly  in  calories,  per  unit  of  soil.  Consequently, 
ceieals  are  principal  foods  in  countries  having  low  economic 
status,  with  large  populations  dependent  on  relatively  small 
amounts  of  soil  for  food  production.  The  cereal  grown  and  used 
depends  on  climate  and  soil.  In  most  of  the  southern  United 
States  the  cereal  has  been  corn.  Wheat  has  been  the  cereal  in  the 
northern  United  States  and  in  Canada.  In  central  Europe  rye 
has  been  used  mainly.  About  one  half  of  the  world’s  population 
epen  s  onrice;  it  is  the  main  food  for  people  in  southern  India, 
southern  China,  the  East  Indies  and  the  Philippines.  When  eco¬ 
nomic  conditions  and  meager  food  supplies  force  people  to  live 

on  cereals,  the  nutritive  value  of  the  ingested  cereal  product  is 
oi  prime  importance.  * 

structure**  Th^  ^  °r  ^  3re  rou?hly  similar  ■" 

structure.  The  main  portion,  the  endosperm,  is  covered  with  a 
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polished,  rice  causes  a  loss  of  B  vitamins  and  of  nutrient  ele- 
ments.  The  distribution  of  iron,  calcium,  etc.,  is  about  the  same 
as  that  of  the  vitamins.  When  people  use  a  cereal  endosperm  as 
the  main  food,  the  intake  of  thiamine  is  likely  to  be  less  than  is 
required  for  the  metabolism  of  the  eaten  carbohydrate.  A  defi¬ 
ciency  of  thiamine  is  the  result.  This  is  the  explanation  of  the 
prevalence  of  beriberi  in  countries  in  which  polished  rice  is  the 
main  food. 


The  loss  of  vitamins  and  nutrient  elements  in  the  production 
of  white  flour  and  polished  rice  has  led  to  the  development  of 
various  procedures  for  improving  the  nutritive  value  of  the  ceieal 
food  consumed  by  humans.  For  most  people  in  the  United  States 
and  Canada  the  nutritive  value  of  the  cereal  product  is  of  less 
concern  because  meat  and  other  foods,  supplying  the  vitamins 
and  nutrient  elements,  are  available  for  generous  use.  It  is  diffi¬ 
cult  for  North  Americans  to  realize  that  a  family  in  a  village  in 
southern  India  may  have  little  food  other  than  rice.  For  such  a 
family  the  nutritive  value  of  the  rice  is  important. 

Retention  of  nutrients  or  the  restoration  of  nutrients  to  cereal 
products  will  be  discussed  in  greater  detail  in  Chapter  10.  An 
obvious  solution  of  the  problem  is  to  use  the  entire  cereal  kernel. 
This  may  be  done  with  rye  or  millet;  it  is  unlikely  that  peop  e 
will  use  whole  wheat  or  whole  rice.  Not  only  do  many  people 
prefer  white  or  light-colored  cereal  products  but  also  there  are 
other  difficulties.  The  keeping  quality  of  partially  milled  rice  or 
wheat  is  not  as  good  as  that  of  the  refined  product.  Bran  is  in- 
digestible  and  can  cause  digestive  disturbances.  Some  nutritive 
retention  is  effected  by  undermilling,  but  the  products  do  not 
have  good  acceptance.  Parboiling  of  rice,  as  used  in  India a  ■  a 
process  in  which  rice  is  precooked  before  milling.  1  he  precooking 
spreads  soluble  nutrients  through  the  endosperm  improving  . 
ue  The  large-scale  production  of  thiamine  and  two  other  B 

r-i**  ■  v  rd. 

beriberi.  world’s  population  is  dependent 

While  a  large  section  ot  tne  won  t  i  r  ,• 

on  rice  for  thfamine,  that  is  not  true  of  Americans  and  Canad. 
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Table  12.  Thiamine,  Riboflavin  and  Nicotinic  Acid 
in  Average  Servings  of  Commonly  Used  Foods 


Nicotinic 


Thiamine 

Riboflavin 

Acid 

Food 

Serving 

Mg. 

Mg. 

Mg. 

Asparagus,  cooked 

1  cup  cut 

spears  0.23 

0.30 

2.1 

Beef,  rib  roast,  cooked 

3  oz. 

0.05 

0.15 

3.6 

Bread,  not  enriched,  white 

1  slice 

0.01 

0.02 

0.2 

Bread,  enriched,  white 

1  slice 

0.06 

0.04 

0.5 

Bread,  whole  wheat 

1  slice 

0.07 

0.03 

0.7 

Cabbage,  cooked 

1  cup 

0.04 

0.06 

0.6 

Carrots,  cooked,  grated 

1  cup 

0.06 

0.06 

0.7 

Cheese,  cheddar 

1  oz. 

trace 

0.12 

trace 

Col  lards,  cooked 

1  cup 

0.15 

0.46 

3.2 

Eggs,  boiled 

Liver,  beef,  cooked 

1  medium 

2  oz. 

0.04 

0.15 

0.13 

2.25 

trace 

8  4 

Milk,  whole  or  skim 

1  cup 

0.09 

0.42 

0  3 

Oatmeal,  cooked 

1  cup 

0.22 

0.05 

0.8 

Orange,  raw 

1  medium 

0.12 

0.04 

0  4 

Peas,  canned 

1  cup 

0.28 

0.15 

2  6 

Pork  chop,  cooked 

1  chop 

0.72 

0.21 

4  4 

Pork  ham,  cooked 

Potato,  boiled  (white) 

3  oz. 

1  medium 

0.46 

0.14 

0.18 

0.06 

3.5 

1  6 

Rice,  white,  cooked 

Sweet  potato,  baked 

Yeast,  dried  brewer’s 

1  cup 

1  medium 

1  tblsp. 

0.10 

0.12 

0.78 

0.02 

0.08 

0.44 

1.9 
0.9 

2.9 

the  'i>S  e*tl™ated  ll'a‘  Canadians  obtain  20  per  cent  of 

intake  of  thiamine  from  cereal  sources,  while  28  per 
n  ,  provided  by  meat  and  ,5  per  cent  by  milk  and  c,!eese 

tauTf  th!  :::/r that  potatoes  >>rmk,e  15  p-  «■- 

„  l  r  ,  ot  the  otaI  amount  of  thiamine  is  obtained  from  foods 
other  than  cereals.  Young  calculated  that  an  average  thian  ,  eTn 

take  in  Canada  was  0.4  mg.  nei  1  000  oWi.  •  . 

intake  of  fat.  g  ’  calories,  with  a  generous 


co^oIyTed  u/lheTnlT^'"'  by  Se™"Ss  of 

Table  12  The  da  ah,  ,  and  Canada  are  shown  in 

United  States  Department  ofAw ^"l  fr°m  ^°mpus'tion  °f  F°°ds, 
No.  8,  ,950.  The  typical  foods  T 

practical  points  in  connection  with  food  sJulces  of  Sna 
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Oatmeal  is  an  economical  source  of  thiamine.  Refined  breakfast 
cereals,  like  corn  flakes,  are  not  good  sources  but  they  may  be  en¬ 
riched  by  the  addition  of  thiamine  and  other  nutrients.  Such 
enrichment  of  breakfast  cereals  is  done  frequently  in  the  United 
States  but  not  in  Canada.  The  difference  between  unenriched 
white  bread  and  enriched  white  bread  or  whole  wheat  bread  is 
evident.  Three  cups  of  milk  will  supply  slightly  more  thiamine 
than  will  4  slices  of  enriched  white  bread.  Several  vegetables, 
particularly  white  and  sweet  potatoes,  and  turnip  gieens,  furnish 
significant  quantities  of  thiamine.  The  thiamine  content  of  "vari¬ 
ous  cuts  of  pork  is  noteworthy. 

It  is  useful  to  consider  the  thiamine  contributions  made  by 
foods  which  are  commonly  recommended  by  nutritionists  in  the 
United  States  and  Canada.  Such  a  list  is  as  follows: 


3  cups  milk 
1  orange 

1  boiled  potato 
1  serving  cabbage 
1  serving  carrots 
1  serving  oatmeal 

4  slices  enriched  bread 
1  serving  roast  beef 

Total 


Mg. 

0.27 

0.12 

0.14 

0.04 

0.06 

0.22 

0.24 

0.05 

1.14 


This  total  quantity  of  thiamine  is  sufficient  for  an  intake  of 
2.300  calories^  a  generous  basis  and  for  about  4.000  calones 
on  a  minimal  basis.  It  is  not  difficult  for  Amer.cans  or  Canadtans 

to  obtain  adequate  supplies  of  thiamine. 

Losses  of  thiamine  from  foods  during  cooking  can  occur  in  t 
wavs  This  vitamin  is  water-soluble  and  may  be  extracted  by 
cooking^  water.  It  is  susceptible  to  oxidation  wh.ch  .^accelerated 

by  heat  and  by  alkalinity  (or  absence  o  aci  1  y)  .  , 

the  cooking  of  most  vegetables  appear  to  be  small.  Comparatively 

laree  losses  occur  in  the  cooking  and  the  canning  of  meat. 

larg  .  r  u„ve  been  found  to  contain  an  enzyme 

Several  species  of  fish  haveteen^  ^  ^  of  paral. 

which  destroys  thiamine.  considerable  amounts  of 

ysis  in  silver  foxes  which  had  been  tea  d  b  a  Mr. 

raw  fish.  This  outbreak  occurred  on  a  ,  jj.  Green 

Chastek,  and  the  paralysis  was  named  Chastek  paraly 
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et  al.55  were  able  to  produce  this  paralysis  by  feeding  raw  fish  to 
foxes  and  were  able  to  cure  the  disease  by  administering  thia¬ 
mine.  It  was  later  found  that  cooking  or  heating  inactivated  the 
thiamine-destroying  principle.  It  has  been  described  as  an  enzyme 
and  named  thiaminase.  Thiaminase  is  present  mainly  in  fresh¬ 
water  fish  but  it  is  found  also  in  Atlantic  herring  and  in  clams. 
The  enzyme  is  of  importance  only  when  generous  amounts  of 
raw  fish  or  raw  clams  are  eaten. 


RIBOFLAVIN 

Chemistry 

In  attempts  to  isolate  the  vitamin  which  had  been  named  Bo, 
Gydrgy,  Kuhn  and  Wagner-Jauregg  obtained  a  yellow  substance 
from  egg-white  which  was  named  ovoflavin  and  later  they  pre¬ 
pared  a  substance  named  lactoflavin  from  whey.56  “Flavin’' 
means  yellow;  the  first  part  of  the  two  names  indicated  the 
source.  Lactoflavin  was  shown  to  cause  weight  increase  in  rats 
but  not  to  cure  dermatitis  in  rats  or  chickens  or  pellagra  in 
humans.  The  chemical  structure  w^as  elucidated  by  the  same 
group  of  workers  at  Heidelberg.  Since  the  compound  was  a 
derivative  of  ribose,  it  was  renamed  riboflavin,  a  name  now  in 
general  use.  The  empiric  formula  is  C17H20N4Oc.  The  compound 
ias  )een  synthesized.  Riboflavin  is  only  slightly  soluble  in  water 
Neutral  solutions  of  riboflavin  are  yellowish  green  and  exhibit 
marked  fluorescence.  In  an  aqueous  solution  and  in  foods  ribo- 
avtn  is  re  atively  stable  to  heat.  Riboflavin  is  destroyed  by 
exposure  to  light  and  to  ultraviolet  radiation.  '  ' 

Functions 

In  rats  a  deficiency  of  riboflavin  produces  unspecific  effects 

“1;,“  7  '^  brought  about  by  a  laclfof  thiamine.’ 

1  here  is  a  loss  ol  appetite,  a  failure  to  increase  in  weight  fol 

=1*  rccMLssrzS 

^  SR  «; 
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taining  various  amounts  of  the  vitamin.  No  severe  consequences 
have  been  observed.  However,  two  main  types  of  lesions  have 
been  described.  The  first  type  was  observed  by  Sebrell  and 
Butler57  and  consisted  of  changes  in  the  lips  and  the  adjacent 
skin.  In  the  corners  of  the  mouth  there  developed  fissures,  ex¬ 
tending  outward,  and  a  yellowish  crust  became  evident.  These 
fissures  are  not  specific  for  riboflavin  deficiency  but  can  be  pro¬ 
duced  by  improperly  fitting  dentures  which  encourage  the 
seepage  of  saliva  from  the  corners  of  the  mouth.  The  second 
type  of  lesion  has  to  do  with  the  eyes.  Sydenstrickera8  has  de¬ 
scribed  vascularization  of  the  cornea  as  being  due  to  riboflavin 
deficiency.  Ordinarily,  the  cornea  does  not  contain  blood  vessels. 
The  condition  described  by  Sydenstricker  consisted  of  the  pene¬ 
tration  of  capillary  loops  into  the  cornea.  Coincidentally,  the 
eyes  feel  scratchy,  and  there  is  a  sensitivity  to  light.  Corneal  vas¬ 
cularization  can  be  caused  also  by  irritation  and  in  experimental 


animals  by  several  amino  acid  deficiencies.  The  presence  of  cor¬ 
neal  vascularization  is  not  a  specific  sign  of  riboflavin  deficiency. 
Both  types  of  lesions  have  been  used  to  detect  riboflavin  defi¬ 
ciency  in  surveys  of  nutriture  in  population  groups.  It  may  be 
noted  that  Horwitt  et  a/.59  failed  to  find  the  corneal  vasculariza¬ 
tion  in  a  group  of  subjects  kept  for  some  months  on  a  diet  very 
low  in  riboflavin. 

The  absence  of  profound  effects  of  riboflavin  defictency  in 
humans  is  remarkable  in  the  light  of  available  information  re- 
warding  the  fundamental  biochemical  functions  of  riboflavin. 
Flavin  mononucleotide,  or  riboflavin  phosphate,  has  been  shown 
to  be  the  coenzyme  of  3  enzyme  systems.  These  are  Warburg  s 
yellow  enzyme,  cytochrome  C  reductase  and  L-amino  act  oxi 
dase  Riboflavin  adenine  dinucleotide  is  a  constituent  o  many 
animal  and  plant  tissues  and  micro-organisms;  it  has  been  foun 
to  be  the  coenzyme  in  a  number  of  enzyme  systems.  All  of  the 
riboflavin-containing  enzymes  function  in  oxidative  piocesses 1 
living  cells.  It  would  be  expected  that  riboflavin  deficiency  would 
have  severe  consequences.  A  possible  explanation  of  the  U  • 
to  observe  such  results  is  that  riboflavin  can  be  syn.hesuec  by 
various  bacteria,  and  such  synthesis  may  take  place  n 
tinal  tract,  making  riboflavin  available  lor  abso.ption. 
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Requirements 

Since  riboflavin  is  involved  in  oxidative  processes  in  cells  of 
many  kinds,  its  need  could  be  related  to  energy  production  or 
to  energy  intake.  This  arrangement  has  been  used  and  require¬ 
ments  have  been  stated  in  milligrams  of  riboflavin  for  1,000 
calories  of  food  intake.  This  method  of  expression  has  the  advan¬ 
tage  of  practical  convenience.  Since  calorie  needs  are  calculated 
in  terms  of  body  weight,  an  estimate  of  riboflavin  requirement 
in  1  elation  to  calories  indirectly  places  riboflavin  requirement  on 
a  body  weight  basis. 

There  have  been  several  attempts  to  produce  riboflavin  defi¬ 
ciency,  and  several  studies  have  been  done  to  obtain  information 
regarding  requirements.  Unfortunately,  different  types  of  sub¬ 
jects  have  been  used  in  the  various  studies,  and  it  is  difficult  to 
compare  results.  In  studies  by  Sebrell  et  al.*°  and  by  Williams 
and  associates01  the  subjects  were  inmates  of  institutions  and 
were  definitely  sedentary.  In  the  first  study  10  subjects  were  main¬ 
tained  on  an  intake  of  0.2  mg.  riboflavin  per  1,000  calories,  and 
°  the  10  developed  fissures  at  the  corners  of  the  mouth,  judged 
to  be  the  sign  of  riboflavin  deficiency.  The  average  urinary 
excietion  of  riboflavin  was  15  per  cent  of  the  intake.  Riboflavin 
supplements  of  various  sizes  were  given  to  determine  the  amount 
which  would  cause  considerable  excretion.  On  this  basis  it  was 

nduded  that  the  daily  requirement  of  an  adult  was  about 
o  mg. 

stricRedUo'w  by  W,"iamS  “  al  ‘he  riboflavin  was  re- 

■*»  of  Riboflavin"  "°  “ 

rK,'"'  "“**  »  maintain 

young  men  for  84  days  11™  $ 

of  0.31  mg.  riboflavin  per  1,000  calorit The “  mUke 
no  evidence  of  fipfirm  ’  iese  subjects  showed 

performance.  Urinary  excretion  !.le.alth  °r  in  Physical 

Per  cent  of  the  intake  The  T  ^ ^  ^ ^  consta»t  at  12 

Horwitt  et  al™  were  12  m  SU  '>-!CCtS  UsetI  in  an  investigation  by 

subjects  were  kept  ^  T  TJToT"  "h  ^  h°SPitaL  These 

years  on  a  riboflavin  intake  of  about 
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0.4  mg.  per  1,000  calories.  Only  one  subject  showed  any  deteriora¬ 
tion  in  health  which  could  have  been  caused  by  a  lack  of 
riboflavin. 

The  physical  signs  of  riboflavin  deficiency  are  so  unspecific 
that  information  about  requirements  has  been  sought  by  deter¬ 
mination  of  urinary  excretion  resulting  from  various  intakes  and 
from  “saturation”  tests.  In  such  tests  a  test  dose  of  the  vitamin 


is  given,  and  the  consequent  urinary  excretion  is  determined.  It 
is  assumed  that  body  tissues  are  unsaturated  if  most  of  the  test 
dose  is  retained;  the  tissues  are  considered  to  be  saturated  if  a 
large  proportion  of  the  test  dose  is  excreted.  Furthermore,  it  is 
considered  to  be  desirable  to  have  the  tissues  “saturated.  Theie 
has  been  obtained  no  evidence  that  saturation  of  the  tissues  with 
riboflavin  improves  health.  Horwitt  et  al.  decided  that  their 
subjects  could  not  maintain  tissue  reserves  of  riboflavin  if  the 
intake  was  less  than  1.1  mg.  per  day  (0.5  mg.  per  1,000  calories). 

After  reviewing  available  information,  the  United  States  Food 
and  Nutrition  Board64  made  these  statements:  “Investigations  of 
riboflavin  requirement  in  man  have  indicated  that  clinical  evi¬ 
dence  of  deficiency  occurs  when  the  intake  is  less  than  0.6  mg. 
daily  in  an  adult.  Studies  of  urinary  excretion  have  suggested 
that  an  intake  of  1.1  to  1.6  mg.  daily  will  provide  adequate  body 
store.”  The  Food  and  Nutrition  Board  decided  that  riboflavin 
requirement  was  not  related  to  calorie  requirement  or  to  muscu¬ 
lar  activity.  Despite  the  absence  of  evidence  that  riboflavin  nee 
!:  related  Yto  protein  intake,  the  Board  recommended  that  nbo- 
flavin  allowances  be  estimated  in  terms  of  recommended  int 

of  protein.  To  calculate  the  recommended  amounts  of  nbofla  , 

the  advised  intakes  of  protein  are  mult.pl.ed  b '  °-0-5- A» 
man  is  advised  to  have  65  Gm  protein  a  day.  For hum'  e 
ommended  intake  of  the  vitam.n  would  be  65  X  0.0-5  _  U  8 
The  Canadian  Conned  on  Nutrition™  decoded  ^svutab^ 

riboflavin  intake  was  0.5  mg.  per  ,  calories  a  day, 

For  a  reference  man  advised  to  have  about  glories  a  j. 

the  total  riboflavin  intake  would  be  !■»  g  Food 

identical  with  the  recommendation  of  the  United  States 

and  Nutrition  Board.  regarding  riboflavin  needs 

There  is  little  information  available  regarding 
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in  pregnancy  or  in  childhood  and  adolescence.  Recommenda¬ 
tions  based  either  on  the  protein  formula  or  on  the  ratio  of  0.5 
mg.  per  1,000  calories  are  likely  to  be  adequate,  if  not  generous. 

In  summary  it  can  be  said  that  a  minimal  need  for  riboflavin 
for  various  types  of  humans  appears  to  be  about  0.3  mg.  per  1,000 
caloiies  of  food  intake  (a  total  of  0.9  mg.  for  a  man  ingesting 
3,000  calories).  A  liberal  recommendation  can  be  calculated 
either  as  (a)  0.025  mg.  per  gram  of  protein  intake  or  (b)  0.5  mg. 
per  1,000  calories  per  day. 


The  amounts  of  riboflavin  likely  to  be  supplied  by  average 
servings  of  some  commonly  used  foods  are  shown  in  Table  12. 
Wilde  significant  quantities  are  furnished  by  several  vegetables 
and  by  meats,  the  two  outstanding  source  foods  are  milk  and 

,'V"'  ,  „ee  CUpt/£  cow’s  miIk'  whole  or  skim,  have  an  average 
total  riboflavin  content  of  1.26  mg.  This  quantity  is  more  than 

mentation  "'A'  £°r.aduUs  and  about  equal  to  generous  recom- 
riboflavin  L  “T'”®,?  7  Wil‘  "“Hy  twice  as  much 

d  a  ach  Z;5  ‘a6'7  ‘°  te  ea‘en  frecIuently:  uiilk  can  be 

“r  CT7.day-  The  amounts  of  milk  recommended 

riboflavin  requ,rleCn!saUm'  t0ge‘her  ^  £°°ds’  Wil! 

qur^rtf  ^^r,: rrr0;°  77  7  ~ 

“r o/  r sources  °£  Th^ 

n-g.  Of  riboflaqvi7or;^  mtal  fT*  *  7  °£  ^ 

tributed  by  3  cuns  of  mill-  t/  mk’  01  ^  Per  cent  *s  con' 
-  ,o“,‘ — - 
flavin  content  of  milk  k  ,  t  s  Vltamir».  The  ribo- 

irradiation  in  the  production  of  UCed.by  Pasteurization  or  by 
by  prolonged  a  osu  ,  ,  ™™'1'  D  ™ilk-  It  is  lessened 

left  in  thefun.  P  °  SUnhght;  bottled  milk  should  not  be 

coounfr  ittrrrt  ar losses  «*«* 

cooking  and  the  canning  o  m  at  The  7  £°l"ld  d“™S  tbe 

g  at.  The  slight  solubility  of  ribo- 
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flavin  in  water  serves  to  minimize  extraction  loss  in  the  cooking 
of  vegetables. 

NICOTINIC  ACID  (NIACIN) 

Chemistry 

Nicotinic  acid  was  first  obtained  by  Huber66  in  1867;  it  was 
produced  by  the  oxidation  of  nicotine.  The  first  demonstration 
that  it  was  present  in  biologic  material  was  provided  by  Funk6' 
who  isolated  nicotinic  acid  from  rice  polishings.  In  1934  War¬ 
burg  and  Christian68  found  that  nicotinamide  (the  amide  of 
nicotinic  acid)  was  a  constituent  of  coenzyme  II,  a  substance 
which  accomplishes  hydrogen  transport  in  cells.  A  year  later  von 
Euler  et  al ,69  showed  that  nicotinamide  is  present  in  coenzyme  I, 
necessary  for  the  alcoholic  fermentation  of  carbohydrate.  In  1937 
Elvehjem  et  fl/.70  found  that  nicotinic  acid  would  cure  black 
tongue,  the  pellagralike  disease  of  dogs.  Smith  and  associates,71 
and  other  investigators,  reported  that  nicotinic  acid  was  highly 

efficacious  in  the  treatment  of  pellagra. 

Nicotinic  acid  is  a  white  substance  which  has  the  empiric 
formula  C6H502N.  It  is  moderately  soluble  in  water.  It  is  fairly 
stable  to  heat  even  in  the  presence  of  mild  acid  or  alkali.  Nico¬ 
tinamide,  the  amide  of  nicotinic  acid,  has  the  formula  C6H6ON2. 
It  is  more  soluble  in  water  than  is  nicotinic  acid,  is  stable  to  heat 
in  neutral  solution  and  is  converted  to  nicotinic  acid  by  treat¬ 
ment  with  acid  or  alkali. 

When  the  enrichment  of  white  flour  by  the  addition  of  three 
B  vitamins  began  in  the  United  States,  it  was  thought  that  the 
name  “nicotinic  acid"  might  give  a  mistaken  impression  as 
denoting  a  substance  derived  from  mcotme.  The  Food  and 
Nutrition  Board  recommended  that  mcot.mc  acid  be  re”a“'1 
“niacin"  and  that  nicotinamide  be  called  '  macmam.de.  The 
two  sets  of  names  are  used  interchangeably.  In  the  piesent  c  is 
cussion,  the  historic  name  will  be  employed. 

Functions 

Both  nicotinic  acid  and  nicotinamide  have  sunto 
function  and  this  is  described  as  pellagra-preventive.  The  . 
“  dise!  is  derived  from  two  Italian  words,  peUe  agra, 
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which  mean  rough  skin.  This  name  was  first  used  in  northern 
Italy,  but  the  disease  had  occurred  in  Spain  before  it  was  de¬ 
scribed  by  an  Italian  physician  in  1771.  In  the  19th  century 
pellagra  occurred  in  France,  Egypt  and  Rumania.  Pellagra  was 
first  reported  in  the  United  States  in  1864.  By  1907  pellagra  was 
endemic  in  the  southern  United  States  and  in  that  area  was  a 
leading  cause  of  insanity  and  death.  Early  in  the  history  of 
pellagra  it  was  recognized  as  the  “corn-eaters’  disease”  because  of 
its  prevalence  among  people  who  used  corn  as  the  main  cereal. 

Pellagra  has  been  known  as  the  disease  of  the  four  “D's” 
(dermatitis,  dianhea,  dementia  and  death).  Pellagra  is  character¬ 
ized  by  the  presence  of  a  red,  sore  tongue,  disturbances  of  the 
gastro-intestinal  tract,  a  dermatitis  and  changes  in  the  central 
and  the  peripheral  nervous  systems.  The  dermatitis  appears  most 
o  ten  oyer  areas  of  irritation,  such  as  the  back  of  the  hands,  and 
generally  it  is  symmetrically  distributed  on  the  body.  Most  cases 
of  pellagra  have  an  absence  of  hydrochloric  acid  in  the  stomach. 

If  effective  treatment  is  not  given,  insanity  may  develop,  and  the 
disease  can  be  fatal.  1 

In  Europe  during  the  18th  and  the  19th  centuries  there  were 

relation'ofdi^d'13'  Pella8ra  dUC  ‘°  P°or  nutrition-  The 
i  e  lse<lse  to  consumption  of  corn  was  recognized 

bu  constderahle  emphasis  was  placed  on  the  consumpUon  oi 

were  on  the  “  the,  rause-  In  1907  Searey  and  McCafferty,  who 
outbreak  of  n  h  “  T'*1  h°Spital  in  Bahama,  described  an 

and,related  “  ol  food  intake. 

prevented  and  cured  by  prone”  use  cTklV"'1  ^  “  C°Uld  be 
thorough  studv  of  fhP  ,  f  d  W3S  Provided  by  the 

United'  States  Public  HeaklTs  ’  °',dberger /l874‘1929)  of  the 
work  it  is  interesting  that  r.nlTl'"^  "  the  Ilght  of  suljsequent 
that  pellagra  might  be  due  ,  '  '  ClgCI  conslcleletl  the  possibility 

^  favored  thT  eteC  ZT cen^Zf 
preventive  substance,  later  shown  to  h  d*  a  Pellagra- 

Other  foods  consumed  by  pellagrins  r  "'T'!"0  ac,d'  Corn  anti 
of  an  absence  of  the  “P-P”  factor  r-  a  fd  the  dlsease  because 
of  pellagra  was  initiated  by  Krehl  a„d  ^  °f  the 
that  the  amino  acid  trvntool  associates”  who  found 

’  ryP‘°phan-  could  ^  substituted  for  nico- 
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tinic  acid  in  the  feeding  of  experimental  rats.  It  is  now  fully 
established  that  nicotinic  acid  can  be  synthesized  from  tryp¬ 
tophan  in  the  tissues  of  mammals.  For  this  process,  vitamin  B,. 
appears  to  be  necessary.  Pellagra  is  due  to  a  lack  of  either  tryp¬ 
tophan  or  nicotinic  acid;  the  disease  is  prevented  either  by  the 
intake  of  nicotinic  acid  as  such  in  foods  or  by  the  intake  of 
tryptophan  in  foods  with  the  subsequent  production  of  nico¬ 
tinic  acid  from  tryptophan.  The  actual  deficiency  in  the  pel¬ 
lagra  patient  is  of  nicotinic  acid,  but  that  deficiency  can  be 
produced  in  two  ways.  Reliance  upon  corn  as  the  principally 
used  food  leads  to  pellagra  because  corn  lacks  both  nicotinic 
acid  and  tryptophan. 

A  lack  of  nicotinic  acid  in  the  tissues  (resulting  from  a  dietary 
deficiency  of  either  nicotinic  acid  or  of  tryptophan)  brings  about 
a  deficiency  state  because  nicotinamide  is  a  component  of  co¬ 
enzymes  I  and  II.  These  coenzymes  function  in  enzyme  systems 
which  are  necessary  for  normal  metabolic  processes.  While  the 
biochemical  reactions  brought  about  by  these  coenzymes  are 
known,  it  is  not  possible  at  present  to  connect  these  reactions  to 
any  of  the  lesions  of  pellagra.  Presumably,  the  dermatitis  is 
brought  about  by  the  impairment  of  metabolic  processes  in  ce  s 
but  the  explanation  of  the  relation  of  a  particular  biochemica 
reaction  to  the  dermatitis  is  not  available.  Coenzymes  I  and 
function  in  oxidation  reduction  enzyme  systems  necessary  ioi 
the  utilization  of  carbohydrates,  fats  and  proteins. 


Requirements 

Since  dietary  tryptophan  can  replace  dietary  nicotinic  acid  in 

supplying  tissue  requirements  for  the  vitamin  it  is  obvious  t 
ood  tryptophan  shares  the  need  for  food  nicotinic  acid.  The 
quanth  Po£  nicotinic  acid  needed  in  the  food l-« ^ 
inversely  with  the  amount  of  ingested  tryptophan.  This  relat. 

need  must  be  considered  in  a  discussion  of  ^f^a- 

tj  ,axre>v  thprp  are  several  practical  difncuitie  . 

‘or"  rtrytmXrT'is  of 

tstjs  "  "food  ^  - 
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1,863  subjects,  with  and  without  pellagra,  to  ascertain  the  amount 
of  nicotinic  acid  required  to  prevent  the  disease.  They  con¬ 
cluded74  that  the  people  living  on  a  “marginal’'  diet  containing 
considerable  amounts  of  corn  products  needed  a  minimum  of 
7.5  mg.  of  nicotinic  acid  a  day.  If  people  lived  on  a  corn  diet  to 
which  was  added  generous  amounts  of  milk  or  cheese  the  nico¬ 
tinic  acid  need  would  be  reduced  to  about  4  mg.  daily  on  a 
minimal  basis.  The  same  minimal  need  would  exist  for  persons 
on  a  noncorn  food  intake. 


Goldsmith  et  al.to  determined  nicotinic  acid  requirements  in 
7  women  subjects  using  either  a  “corn”  diet  or  a  “wheat”  diet. 
•Three  subjects  on  the  corn  diet,  containing  190  mg.  tryptophan 
and  4./  mg.  nicotinic  acid,  showed  clinical  signs  of  pellagra  in 
about  50  days.  A  subject  who  was  given  the  same  diet  plus 
enough  nicotinic  acid  to  bring  the  total  intake  to  6.7  mg.  showed 
no  evidence  of  pellagra  even  after  122  days.  The  wheat  diet,  con¬ 
taining  230  mg.  tryptophan  and  5.7  mg.  nicotinic  acid,  was  fed 
to  one  subject  and  kept  her  free  from  pellagra.  The  results  were 
interpreted  as  indicating  that  the  minimal  nicotinic  acid  re¬ 
quirement  of  people  living  on  food  supplies  low  in  tryptophan 
would  be  about  7  mg.  a  day.  This  amount  is  noticeably  similar 
to  that  proposed  by  Frazier  and  Friedemann. 

Since  1943  the  United  States  Food  and  Nutrition  Board  has 
recommended  allowances  of  nicotinic  acid  calculated  as  10  times 

Dieta^TT  °J  t','iamine  adViSed-  In  PrePari"g  the  Canadian 
etary  Standard,  the  Canadian  Council  on  Nutrition  used  the 

same  artthntettc  relation.  This  relation  is  based  on  measurements 

anirn  rTh  add  Bremen ts  of  dogs  and  other 

applicable^ m'h  “  ''0  T  “  that  this  quantitative  relation  is 
don  R  7  TT  "Ce  “,e  United  States  Fo°d  and  Nutri- 
per  1  00^  |USe<1  *  ,baSal  thlamine  recommendation  of  0.5  mg 
per  1,000  calories,  the  nicotinic  acid  recommendations  are  deter 

“s‘CbeacausentheySare  «  ^  Ca;'adian  ““‘U  Standard 

(0.3  mg  per  1  non  I  i  •  ”1CS  a  smaller  thiamine  basal  figure 

mendadons  hu  adultsTnge  STt 0^^“^ 
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ingesting  3,000  calories  a  day  would  be  advised  to  have  15  mg. 
nicotinic  acid  (U.S.)  or  9  mg.  (Can.).  Both  estimates  are  greater 
than  the  minimal  figures  suggested  even  for  people  on  corn  diets. 
The  United  States  recommended  allowances  are  sufficiently 
liberal  to  provide  for  emergencies  and  are  attainable  from  foods 
commonly  available. 

It  is  interesting  to  recall  that  W.  C.  Rose  has  concluded  that 
the  minimal  daily  requirement  for  tryptophan  in  adults  is 
0.25  Gm.  (see  Chap.  6).  This  is  slightly  more  than  was  received 
by  the  subject  of  Goldsmith  et  al.,  subsisting  on  a  wheat  diet. 
For  that  subject,  an  intake  of  5.7  mg.  nicotinic  acid  a  day  was 
sufficient  to  prevent  pellagra.  On  this  basis,  a  food  supply  which 
contained  the  minimal  need  of  tryptophan  should  contain  also 
about  5  mg.  nicotinic  acid.  This  amount  is  probably  a  minimal 
need  for  persons  whose  food  supply  is  adequate  with  regard  to 
amino  acids. 

Sources 


Both  nicotinic  acid  and  nicotinamide  may  be  present  in  foods. 
Animal  tissues  are  likely  to  contain  a  larger  proportion  of  nico¬ 
tinamide,  while  plant  tissues  usually  contain  a  larger  share  of 
nicotinic  acid.  Since  both  substances  have  equal  vitamin  activi¬ 
ties,  the  different  ratios  are  unimportant  in  practical  nutiition. 
In  tables  of  food  composition  the  total  activity  is  listed  under 
nicotinic  acid.  In  Table  12  the  amounts  of  nicotinic  acid  con¬ 
tributed  by  average  servings  of  some  common  foods  are  shown 
Relatively  large  amounts  are  supplied  by  meats  and  several 
vegetables.  Milk,  shown  by  Goldberger  to  be  a  good  preventive  ol 
pellagra,  owes  its  value  not  to  nicotinic  acid  but  to  tryptophan. 

Foods,  commonly  recommended  to  meet  nutritional  require¬ 
ments  in  general  which  were  listed  in  the  discussion  of  sources 
of  thiamine,  will  provide  about  1 1  mg.  of  nicotinic  acid.  Such 
an  intake  would  be  ample  for  most  adults,  especially  since  i 
recommended  foods  would  supply  a  generous  intake  of 


trypellagran  has  been  endemic  among  people  who  have  had  diffi¬ 
culty  in  purchasing  food  for  economic  reasons.  Improvement  . 
economic  conditions,  making  possible  the  more  generous  use  of 

meat,  has  been  a  dominant  factor  in  the  prevention  of  pellagia. 
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A  pharmacologic  effect  of  large  doses  of  nicotinic  acid  is  worth 
noting.  A  dose  of  about  20  mg.,  taken  at  one  time,  causes  dilata¬ 
tion  of  the  capillaries  in  most  people.  Consequences  of  the 
dilatation  are  a  flushing  of  the  face,  dizziness  and  a  drop  in 
blood  pressure.  Similar-sized  doses  of  nicotinamide  have  no  such 
effect.  For  this  reason,  nicotinamide  is  used  in  commercial 
vitamin  preparations. 


VI  1  AMIN 
Chemistry 

\\  hen  attempts  were  made  to  use  experimental  animals  in 
the  studies  on  pellagra,  rats,  fed  a  diet  similar  to  that  which 
caused  pellagra  in  humans,  developed  a  well-marked  dermatitis. 
At  first,  it  was  thought  that  this  rat  dermatitis  was  similar  to  the 
ermatitis  of  pellagra.  After  riboflavin  and  nicotinic  acid  became 
available  for  use  in  nutrition  studies  they  were  tried  on  rats  with 
dermatitis  and  found  ineffective.  Gyorgy™  concluded  that  the  rat 
ermatitis  was  caused  by  a  deficiency  of  a  new  vitamin,  which 
ie  named  vitamin  B6.  The  rat  dermatitis  resembled  a  human 
disease  known  as  acrodynia;  unfortunately,  this  term  has  been 
appl.ed  to  the  chsease  in  rats.  Actually,  acrodynia  is  entirely 

aaerhed  hv”  d  i lermatitis  in  ra‘s-  This  latter  disease  is  char¬ 
ge un  TheseA  T"8  and  SCalineSS  °f  ,he  snout’  the  P™s  and 
tail.  These  skin  lesions  are  either  similar  to  or  identical  with 

lhr:ZJoT  Xa  de,fidency  °f  essential  fatty  acids, 
pohsh  n!!  :  ake  .'S°lated  a  "isogenous  compound  from  rice 

!in,e  Latr  \  T“"  Signifi.CanCe  was  attached  to  it  at  the 

lowing  a  study  of  die""  l°  ^  ldentlcal  with  vitamin  B„.  Fol- 
Gydrgy's  in  1936  the  Pr°Pertles  ol  vitamin  B„  by  Birch  and 

pendently.  The’  cLmical  ”  “°1.a?cd  5  laboratOTies  i"de- 

CH  o  N  c  chemical  composition  was  found  to  he 

containing"  setm,  mltC/T"  V  °f  P^ine. 

posed  the  name  “pyridoxin!/“T’  ij^neu'*1  pr°" 

compared  the  vitamin  potencies  of  „v,  r  a'ld  assoaates“° 
using  3  methods  of  assav  (rhr  •  tractS  °  naturaI  material 
with  micro-organisms).  Very  iTarked  d™31’  ^  microbiologic 

-  *  —j  w  ivzssrz  zi  ‘:t; 
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derivative  of  pyridoxine  which  had  much  greater  activity  for 
micro-organisms  than  did  pyridoxine.  The  derivative  was  named, 
at  first,  pseudopyridoxine.  After  the  recognition  that  this  highly 
active  compound  was  an  aldehyde  derivative  of  pyridoxine,  the 
name  was  changed  to  pyridoxal.  A  second  derivative  was  found, 
also.  This  w'as  an  amine,  and  it  was  called  pyridoxamine.  Pyri¬ 
doxal  is  the  biologically  active  compound  and  as  pyridoxal  phos¬ 
phate  functions  as  a  coenzyme.  In  mammals,  pyridoxine  and 
pyridoxamine  are  converted  into  pyridoxal.  In  mammalian  nutri¬ 
tion,  these  3  compounds  are  interchangeable  and  have  equal 
potential  vitamin  activity.  Approved  nomenclature  is  to  refer  to 
all  3  as  vitamin  B6.  If  a  single  compound  is  implied,  the  name 
of  that  particular  compound  is  used.  Pharmaceutical  prepaia- 
tions  contain  pyridoxine.  Foods  contain  varied  assortments  of 
the  3  compounds,  and  the  activity  is  expressed  as  milligrams  of 
vitamin  B6. 


Functions 

A  deficiency  of  vitamin  B6  causes  rats  to  lose  appetite,  and 
subsequently  there  is  a  failure  to  increase  body  weight.  As  the 
deficiency  progresses,  animals  lose  weight,  and  there  is  a  maiket 
decrease  in  fat  storage.  These  effects  are  not  specific;  they  occur 
in  a  variety  of  deficiencies.  When  a  severe  deficiency  has  been 
produced,  rats  develop  dermatitis  (or  acrodynia).  In  dogs  vita¬ 
min  B6  deprivation  causes  a  microcytic  anemia,  not  usually 

evident  in  rats.  .  .  „  , 

Hawkins  and  Barsky81  attempted  to  produce  vitamin  B0  deh- 

ciency  in  a  human  subject  by  maintenance  on  a  diet  devoi  o 
Vitamin  Bc  for  55  days;  no  clear-cut  effects  were  seen.  Holt  and 
associates82  fed  a  vitamin  B„  deficient  diet  to  2  infants.  One  ba  ay 
developed  convulsions,  and  the  other  showed  hypochrom. 

Vilter  and  associates  have  given  patients  deoxypyndox.ne 
o  pZuce  vitamin  Be  deficiency.  The  compound  ,s an  aiutogo 

pyridoxine  which  appears  to  have  .nu^t^mnrf^^™ 
results  were  seen.  Some  of  the  patients  developed  skin  lesion  - 

A  wide-spread  occurrence  of  co"™h.ons  in  ^ 

r— 1  formula  from  the 
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same  plant  did  not  cause  convulsions.  The  similarity  between 
the  convulsions  and  those  which  he  had  observed  in  young  rats 
some  years  previously  caused  Dr.  O.  L.  Kline  of  the  United 
States  Food  and  Drug  Administration  to  suggest  that  the  con¬ 
vulsions  might  be  due  to  a  lack  of  vitamin  B6.  Administration 
of  the  vitamin  to  the  affected  babies  produced  prompt  recovery. 
It  was  shown  that  a  considerable  portion  of  the  vitamin  B6 
initially  present  in  the  ingredients  of  the  product  had  been 
destroyed  by  heat  sterilization.  It  is  clear  that  the  infants  fed 
the  product  had  received  subnormal  amounts  of  vitamin  B6, 
cei  tainly  less  than  if  a  home-prepared  cow’s  milk  formula  had 
been  used.  Details  of  this  occurrence  of  convulsions  are  available 
in  a  special  report.83 

Vitamin  B6  has  been  advocated  for  and  used  in  the  treatment 
of  various  human  ailments.  One  use  was  for  the  relief  of  severe 


nausea  and  vomiting  in  the  first  trimester  of  pregnancy.  Mc- 
Ganity  et  al.  4  showed  that  mothers  with  this  severe  nausea 
showed  a  sustained  elevation  in  blood  urea  after  administration 
of  an  amino  acid.  This  alteration  in  blood  urea  had  been  dem¬ 
onstrated  previously  in  vitamin  Bfi  deficient  animals.  The  abnor¬ 
mal  response  was  brought  promptly  to  normal  by  administration 
of  pyridoxine.  However,  most  of  the  therapeutic  use  of  vitamin 
B6  has  been  empiric  and  unsatisfactory. 

The  biochemical  functions  of  vitamin  B0  have  been  studied  in 
micro-organisms  and  animals.  Pyridoxal  phosphate  has  been 
descHbed  as  the  coenzyme  of  a  number  of  enzyme  systems.  Amino 
c  ecai  :>oxylases,  transaminases,  racemases  and  several  other 
ypes  of  enzymes  all  have  been  stated  to  be  activated  by  pyri- 

amino  acidSP  rM°St  °f  theSe  enzymes  are  concerned  with 
“  “  ,  U  haS  bCen  aSSUmed  *at  vitamin  B6  plays 

tinic  add  he  n  “  As  the  case  of  nico- 

tenance  of  heakh T  "T™  °f  theSe  enzymes  the  main- 

criance  ot  health  has  not  been  established 

ggested  that  vitamin  Bc  is  respon- 
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sible  for  the  conversion  of  linolenic  and  linoleic  acids  to  arachi- 
donic  acid,  which  is  regarded  by  them  as  the  essential  fatty  acid. 
Rinehart  and  Greenberg86  produced  atherosclerosis  in  monkeys 
by  depriving  them  of  vitamin  Bc.  It  is  interesting  to  point  out 
that  unsaturated  fatty  acids  are  involved  in  cholesterol  transport; 
the  observations  of  Rinehart  and  Greenberg  may  be  related  to 
those  by  Witten  and  Holman. 

The  studies  of  Vilter  et  al.  and  the  outbreak  of  convulsions 
traceable  to  a  lack  of  vitamin  Bc,  together  with  information 
regarding  the  biochemical  functions  of  the  vitamin,  have  caused 
a  generally  accepted  belief  that  vitamin  B6  is  essential  for 
humans.  However,  information  regarding  requirements  is  frag¬ 
mentary,  and  suitable  intakes  cannot  be  recommended  at 
present. 

Sources 

All  3  vitamin  B0  compounds  may  be  present  in  foods.  Avail¬ 
able  analytic  information  is  not  precise  and  is  incomplete. 
However,  vitamin  B0  apparently  is  distributed  widely.  The  best 
sources  are  muscle  meats,  liver,  a  number  of  vegetables,  and 
whole  grain  cereal  products.  Like  other  B  vitamins,  B6  is  found 
in  the  bran  and  the  germ  of  cereal  seeds,  with  comparatively 
little  in  the  endosperm.  Whole  wheat  bread  is  said  to  contain 
4  times  as  much  vitamin  B,;  as  does  white  bread.  4  his  vitamin 
is  not  added  to  white  flour  in  enrichment. 


PANTOTHENIC  ACID 

During  investigations  on  pellagra,  it  was  found  that  the  main¬ 
tenance  of  chicks  on  a  diet  of  yellow  corn,  middlings  and  casein 
caused  the  birds  to  develop  a  dermatitis.  This  skin  condition 
bore  some  resemblance  to  the  dermatitis  of  pellagra.  However, 
it  did  not  respond  to  riboflavin,  nicotinic  acid  or  vitamin  B„. 
While  studies  were  proceeding  on  the  food  factor  related  to  the 
chick  dermatitis,  Roger  Williams  and  associates  were  studying 
the  nutrients  necessary  for  the  growth  of  yeast.  They  prepared  a 
concentrate  from  liver  which  contained  an  acidic  substance 
having  a  marked  effect  on  yeast  growth  «  The  acidic  compounc 
was  found  in  a  wide  variety  of  plant  and  animal  tissues.  This 
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wide-spread  distribution  caused  Williams  et  al.  to  use  the  name 
“pantothenic  acid,”  based  on  Greek  roots  meaning  from  e\ery- 
where.”  Concurrently,  Woolley  and  colleagues  were  endeavoring 
to  isolate  the  chick  dermatitis  factor.  They  concluded8*  that  the 
chick  factor  was  identical  with  pantothenic  acid.  I  his  conclusion 
was  firmly  established  by  Jukes.89  Pantothenic  acid  was  synthe¬ 
sized  by  Williams  and  Major90  in  1940. 

Pantothenic  acid  has  the  empiric  formula  C9H17Or)N.  It  is 
formed  by  the  union  of  2  compounds:  pantoic  acid  and  /?-alanine. 
It  is  freely  soluble  in  water.  In  neutral  solution  it  is  stable,  but 
it  is  rapidly  destroyed  by  acid  or  alkali.  A  calcium  salt,  calcium 
pantothenate,  is  the  form  in  which  the  pure  vitamin  is  generally 
used. 

In  experimental  animals,  a  deficiency  of  pantothenic  acid 
causes  effects  which  vary  from  species  to  species.  The  chick 
dermatitis  has  been  noted.  In  rats,  a  lack  of  pantothenic  acid 
has  the  unspecific  effect  on  appetite  and  body  weight  which  has 
been  noted  for  other  nutrients.  This  deficiency  causes  graying 
of  the  hair  of  black-haired  rats.  Deficient  rats  exhibit  adrenal 
necrosis  and  hemorrhage.  When  swine  are  deprived  of  panto¬ 
thenic  acid,  they  develop  in-co-ordinated  movements  of  the  hind 
legs  and  a  spastic  gait  which  has  been  called  “goose-stepping.” 
A  somewhat  similar  condition  has  been  observed  in  deficient 
monkeys.  No  clearly  defined  effects  of  pantothenic  acid  deficiency 
in  humans  have  been  described  so  farj 


Due  largely  to  the  work  of  Fritz  Lipmann,  the  biochemical 
function  of  pantothenic  acid  has  been  clarified.  This  vitamin 
was  shown91  to  be  an  essential  constituent  of  coenzyme  A.  This 
coenzyme  has  been  found  in  all  living  matter  so  far  investigated. 
Coenzyme  A  acts  as  an  acetyl  carrier  in  a  wide  variety  of  chemical 
reactions.  The  coenzyme  is  involved  in  the  primary  pathway  of 
carbohydrate  metabolism  because  it  brings  about  the  synthesis  of 

ntrie  n  ,1  J  •_  i  .  .  .  * 


curie  acid  and  is  concerned  with  the  oxidation  of  pyruvate  and 
of  ketoglutarate.  From  its  relation  to  the  utilization  of  keto- 

O'  lifiroto  _ _  A  i  . 
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importance  in  intermediate  metabolism.  Its  metabolic  essentiality 
renders  even  stranger  the  failure  to  find  clearly  marked  evidence 
of  deficiency  in  humans. 

The  wide-spread  distribution  of  pantothenic  acid  has  been 
noted.  While  it  seems  to  occur  universally  in  plant  and  animal 
tissues,  the  amount  shows  considerable  variation.  Excellent  food 
sources  are:  liver,  kidney,  egg  yolk,  and  such  vegetables  as 
cabbage,  cauliflower,  peas  and  potatoes.  Like  other  B  vitamins, 
pantothenic  acid  is  found  mainly  in  the  bran  and  the  germ  of 
cereals.  Consequently,  the  pantothenic  acid  content  of  whole 
wheat  bread  is  much  greater  than  that  of  white  bread.  This  vita¬ 
min  is  not  included  in  the  enrichment  of  white  flour.  Moderate 
quantities  of  pantothenic  acid  are  found  in  milk,  in  muscle 
meats  and  in  fruits.  Ordinary  cooking  procedures  do  not  cause 
marked  losses  of  pantothenic  acid.  However,  this  vitamin  is 
destroyed  by  prolonged  exposure  to  high  temperature. 

BIOTIN 

In  1916  Bateman02  observed  that  egg-white,  used  as  a  main 
source  of  protein,  was  toxic  for  rats.  This  observation  was  greatly 
extended  by  Helen  T.  Parsons93  who  found  that  the  toxicity 
could  be  counterbalanced  by  including  small  amounts  of  egg- 
yolk,  liver  or  yeast  in  the  experimental  diet.  These  foods  were 
assumed  to  contain  a  protective  factor,  which  was  named  vita¬ 
min  H  by  Gyorgy.94  Concurrent  studies  on  growth  factors  re¬ 
quired  by  yeast  led  to  the  isolation  from  egg-yolk  of  a  substance 
named  “biotin.”95  Gyorgy  et  al.9G  demonstrated  that  biotin  exer¬ 
cised  the  protective  ability  of  vitamin  H.  The  name,  vitamin  H, 
is  no  longer  in  use,  and  the  nutrient  is  called  biotin. 

The  structure  of  biotin  has  been  determined,  and  it  has  been 
synthesized.  The  empiric  formula  is  CuH1803N2S.  Biotin  is 
slightly  soluble  in  cold  water  and  much  more  soluble  in  hot 
water.  In  foods  and  in  animal  tissues,  biotin  is  generally  found 
in  firm  combination  with  proteins.  Biotin  can  be  set  free  by 
enzymic  hydrolysis,  such  as  takes  place  during  digestion. 

When  raw  or  slightly  cooked  egg-white  is  used  as  the  sole 
source  of  protein  in  diets  fed  to  rats,  the  animals  develop  marked 
skin  changes  and  emaciation,  and  they  die  fairly  soon.  The  syn- 
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drome  is  known  as  “egg-white  injury.”  1  he  toxic  effect  of  the 
egg-white  is  lost  if  the  egg-white  is  well  cooked.  Hydrolysis  of 
the  egg-white  by  means  of  pepsin  or  dilute  acid  also  causes  the 
toxicity  to  disappear.  Egg-white  was  shown  to  contain  a  special 
protein  which  was  named  “avidin.”91  This  name  was  used  be¬ 
cause  the  protein  has  an  avidity  for  biotin,  combining  with  the 
vitamin  to  form  a  rather  stable  complex.  “Egg-white  injury”  is 
actually  a  biotin  deficiency,  produced  by  the  avaclTTrTombintng_ 
w ith  biotin  fro nwnher  ingestedlToods,  thus  preventing  absorp¬ 
tion  of  the  vitamin.  Because  the  avidin-biotin  complex  is  highly 
resistant  to  hydrolytic  enzymes,  the  biotin,  once  combined  with 
avidin,  is  not  set  free  by  digestive  enzymes.  The  only  known 
source  of  avidin  is  egg-white  (eggs  of  hens,  geese,  ducks  and 
turkeys).  There  is  no  explanation  for  the  presence  of  this  dis¬ 
tinctive  protein  in  egg-white. 

Since  biotin  occurs  in  animal  and  plant  tissues  in  combination 
with  proteins,  it  is  assumed  that  biotin,  like  other  B  vitamins, 
acts  as  a  coenzyme.  While  precise  delineation  of  the  functions 
of  biotin  has  not  been  achieved,  it  is  assumed  to  be  involved  in 
the  synthesis  of  aspartic  acid  and  in  the  oxidation  of  pyruvate. 
Biotin  has  been  related  also  to  the  decarboxylation  of  oxalace- 
tate  and  succinate. 


An  attempt  to  produce  biotin  deficiency  in  4  human  volun¬ 
teers  was  made  by  Sydenstricker  et  a/.98  The  diet  used  was  low  in 
biotin  and  contained  a  large  amount  of  egg-white.  The  subjects 
developed  skin  changes  in  a  few  weeks,  followed  by  lassitude,  loss 
of  appetite,  nausea  and  a  slight  anemia.  Administration  of  biotin 
produced  prompt  recovery. (There  has  been  no  other  demonstra¬ 
tion  of  human  need  for  biotin.  \ 


Liver  and  kidney  are  excellent  sources  of  biotin.  Smaller 
amounts  are  found  in  egg  yolk,  cow’s  milk  and  bananas.  Muscle 
meats  do  not  seem  to  contain  this  vitamin.  The  royal  jelly  pro¬ 
duced  by  bees,  is  very  rich  in  biotin. 


JbOLIC  ACID 


In  1931  Lucy  Wills  and  colleagues99  described  a  macrocytic 
anenua  Wh.d,  had  been  observed  in  women  in  India  which 
esponded  to  the  administration  o£  a  concentrated  yeast  prepa- 
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ration.  Wills  et  a/.100  were  able  to  produce  a  similar  anemia  i 
monkeys  by  feeding  them  the  foods  used  by  the  anemic  women. 
1  he  yeast  extract  was  effective  in  the  monkeys.  The  macrocytic 
anemia  in  monkeys  was  studied  by  Day  and  associates,101  and 
the  name  “vitamin  M”  given  to  a  nutrient  necessary  for  the 
prevention  of  the  anemia.  A  macrocytic  anemia  was  produced 
experimentally  in  chicks  by  Hogan  and  Parrott102;  it  responded 
to  liver  feeding,  and  liver  was  said  to  contain  a  new  nutrient, 
vitamin  B,..  Mitchell  et  «/.103  described  a  factor  which  stimulated 
the  growth  of  2  micro-organisms,  Streptococcus  faecalis  R  and 
Lactobacillus  casei.  This  growth  factor  was  named  folic  acid 
(the  word  “folic”  was  based  on  the  Latin  folium,  meaning  leaf, 
since  the  substance  was  obtained  from  spinach).  In  1943  Pfiffner 
et  a/.104  isolated  from  liver  a  substance  which  they  named  pteroyl- 
glutamic  acid.  This  was  shown  to  be  identical  with  vitamin  Be 
and  later  with  vitamin  M.  A  series  of  biologically  active  deriva¬ 
tives  of  pteroylglutamic  acid  have  been  studied.  The  group  name, 
folic  acid,  is  in  common  use.  An  alternate  name,  folacin,  has 
been  proposed  by  the  American  Institute  of  Nutrition. 

The  feeding  of  a  diet  deficient  in  folic  acid  causes  chickens  and 
monkeys  to  develop  an  anemia  characterized  by  the  presence  of 
abnormally  large  red  cells.  Simple  dietary  restriction  has  no 
apparent  effect  on  rats,  since  those  animals  receive  folic  acid  as 
a  result  of  bacterial  synthesis  of  the  vitamin  in  the  intestinal 
tract.  The  inclusion  of  a  bacteriostatic  substance  in  the  diet  pre¬ 
vents  bacterial  synthesis  and  allows  the  deficiency  to  develop, 
provided  that  folic  acid  is  absent  from  the  diet.  In  humans  a 
dietary  lack  of  folic  acid  causes  a  macrocytic  anemia,  grossly 
resembling  pernicious  anemia  but  without  nerve  involvement. 
The  nutritional  macrocytic  anemia  described  by  Wills  et  al.  was 
caused  by  a  deficiency  of  folic  acid.  This  vitamin  is  effective 
therapy  in  the  treatment  of  macrocytic  anemia  of  pregnancy  and 
of  infancy.  It  is  also  effective  in  the  treatment  of  the  anemia 
found  in  cases  of  sprue.  Folic  acid  has  limited  usefulness  in  the 
therapy  of  pernicious  anemia. 

Folic  acid  appears  to  be  necessary  for  the  synthesis  of  nucleo- 
proteins  and  for  the  normal  development  of  blood  cells. •  A 
though  it  is  assumed  to  be  essential  for  humans,  there  is  no  inlor. 
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mation  regarding  requirements.  Liver  and  kidney,  but  not  muscle 
meats,  are  excellent  sources.  Most  green-leaf  vegetables  contain 
appreciable  amounts. 

A  derivative  of  folic  acid,  aminopteroylglutamic  acid,  has  been 
used  with  some  success  in  the  treatment  of  leukemia  in  humans. 
However,  patients  were  found  to  develop  a  resistance  to  this 
substance. 


VITAMIN  B12 

Vitamin  B12  was  discovered  as  a  result  of  studies  on  pernicious 
anemia.  This  disease  is  characterized  by  a  smooth,  shiny,  some¬ 
what  shrunken  tongue,  absence  of  hydrochloric  acid  in  the 
gastric  juice,  nerve  changes  and  macrocytic  anemia.  The  red 
blood  cells  are  larger  than  normal,  and  there  is  a  decrease  in  the 
number  of  red  cells.  The  anemia  is  a  consequence  of  a  failure 
in  the  formation  or  maturation  of  erythrocytes.  Prior  to  1926 
there  was  no  effective  treatment  for  pernicious  anemia.  The  sug¬ 
gestion  to  feed  liver  to  pernicious  anemia  patients  was  first  made 
by  G.  H.  Whipple,105  and  the  suggestion  was  utilized  first  by 
Gibson  and  Howard.106  The  first  large-scale  demonstration  of  the 
control  of  pernicious  anemia  by  liver  feeding  was  reported  in 
1926  by  Minot  and  Murphy.107  When  the  efficacy  of  the  ingestion 
of  whole  liver  was  established,  efforts  were  made  to  prepare  con¬ 
centrated  extracts  of  liver  and  to  isolate  the  active  principle. 

Further  information  on  the  etiology  of  pernicious  anemia  was 
provided  by  W.  B.  Castle  et  «/.10«  Beef  muscle,  fed  to  a  person 
with  pernicious  anemia,  was  ineffective.  Incubation  of  the  beef 
with  gastric  juice  from  a  normal  person  caused  a  change  which 
made  the  beef  active  in  the  treatment  of  pernicious  anemia.  This 
was  explained  as  follows:  normal  gastric  juice,  but  not  that  from 
a  permaous  anemia  patient,  contains  a  substance  called  the 
m^icjactor.  I  his  acts  upon  an  “extrinsic  factor,”  present 

ta,  ce  Ne",  a‘7l  °‘her  •f00dS>  '°  |Jr°duCe  an  ^^mic  sub- 
stance.  Netther  the  "jmnnsic  factor”  nor  the  "extrinsic  factor" 
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Highly  potent  extracts  of  beef  liver  were  prepared  and  were 
exceedingly  effective  in  controlling  pernicious  anemia.  The  only 
way  in  which  the  activity  of  these  extracts  could  be  tested  was 
on  pernicious  anemia  patients,  either  in  relapse  or  previously 
untreated.  The  number  of  suitable  patients  for  assay  purposes 
was  meager  and  this  markedly  delayed  the  isolation  of  the  active 
substance.  In  1948  distinct  progress  was  made.  Smith109  was  able 
to  isolate  a  reddish  substance  from  a  liver  extract  and  demon¬ 
strated  that  it  was  clinically  active.  In  the  same  period  Rickes 
et  al.110  isolated  a  crystalline  material  from  a  liver  extract,  and 
the  substance  was  found  to  be  very  effective  in  treating  pernicious 
anemia.  They  showed  also  that  minute  amounts  of  the  crystalline 
substance  stimulated  the  growth  of  a  micro-organism  known  as 
L.  lactis  Dorner.  This  latter  property  was  used  for  a  microbio¬ 
logic  assay  procedure  which  speeded  up  the  testing  of  new  prod¬ 
ucts.  The  isolated,  crystalline  substance  was  named  vitamin  B12. 

Pure  vitamin  B12  is  a  red,  crystalline  compound  which  con¬ 


tains  cobalt  and  phosphorus.  The  empiric  formula  now  gener¬ 
ally  accepted  is  C63H84N14014PCo.  The  cobalt  content  is  of 
interest  in  relation  to  cobalt  deficiency  (Chap.  /)  in  farm  animals. 
Considerable  attention  has  been  given  to  the  relation  between 
vitamin  B12  and  the  extrinsic  and  the  intrinsic  factors.  If  vitamin 
B,o  is  administered  parenterally  to  pernicious  anemia  patients, 
very  small  amounts  are  effective.  Much  larger  dosage  is  necessary 
if  the  vitamin  is  given  orally.  Although  vitamin  B12  is  present  in 
beef  muscle,  it  is  not  available  to  a  person  who  has  pernicious 
anemia  and  lacks  the  intrinsic  factor.  It  is  assumed  that  the 
vitamin  is  bound  firmly  to  protein.  The  intrinsic  factor,  if 
present  in  the  gastric  juice,  will  separate  the  vitamin  from  the 
combination  with  protein;  the  vitamin  is  then  available  tor 
absorption.  Vitamin  B12  is  now  regarded  as  the  antianemic 
compound  contained  in  the  extrinsic  factor.  Various  derivatives 
of  the  vitamin  have  been  tested  for  biologic  activity.  A  generic 
name,  cobalamin,  has  been  used  for  vitamin  B„.  The  chemically 
related  derivatives  are  named  as  derivatives  ol  “balamim 

In  the  treatment  of  pernicious  anemia,  vitamin  B12  stimulate 
th  bone  marrow  to  produce  red  blood  cells  Various  other  ede 
have  been  described.  It  has  been  stated  that  vitamin  B„  will 
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increase  the  growth  of  children;  results  are  confusing  and  dis¬ 
appointing.  In  experimental  animals,  vitamin  B12  has  been 
related  to  the  process  of  transmethylation,  in  which  methyl 
groups  are  transferred.  An  example  of  transmethylation  is  the 
synthesis  of  choline  from  methionine. 

In  cattle  and  other  ruminants  vitamin  B12  can  be  synthesized 
by  bacteria  present  in  the  rumen.  For  this  synthesis,  cobalt  must 
be  available  from  the  fodder.  Cobalt  deficiency  in  cattle  is  essen¬ 
tially  a  deficiency  of  vitamin  B12.  While  this  synthesis  can  make 
vitamin  B12  available  to  animals,  it  is  likely  that  humans  are 
dependent  upon  a  supply  of  preformed  vitamin  in  foods.  Meats, 
and  particularly  liver  and  kidney,  are  good  sources.  There  are 
no  definite  estimates  of  human  requirements. 


ASCORBIC  ACID 
Chemistry 

The  main  events  in  the  study  of  scurvy,  leading  to  the  isolation 
of  vitamin  C,  were  described  in  Chapter  2.  Attempts  to  isolate 
the  vitamin  were  seriously  handicapped  by  the  ease  with  which 
it  can  be  destroyed  by  oxidation.  The  vitamin,  as  such,  was  first 
obtained  in  pure  form  by  Waugh  and  King.m  However,  several 
yeais  previously  Szent-Gyorgyi  had  isolated  from  green  peppers 
and  from  adrenal  glands  a  substance  which  was  named  hexuronic 
acid.11-  No  vitamin  significance  was  attached  to  hexuronic  acid 
until  after  the  isolation  of  vitamin  C  from  lemon  juice  by  Waugh 
and  King.  A  comparison  of  the  chemical  properties  of  vitamin  C 
with  those  of  hexuronic  acid  led  to  the  conclusion  that  the  two 
substances  were  identical.  Determination  of  the  chemical  compo¬ 
sition  showed  that  vitamin  C  was  not  a  hexuronic  acid.  Conse¬ 
quently,  Szent-Gyorgyi  and  Haworth**  proposed  in  1933  that 
the  name  ascorbic  acid”  be  used.  This  name  did  not  suggest 
composition  but  it  did  indicate  that  the  vitamin  was  an  organic 
acid  which  prevented  scurvy.  Objection  to  the  name  was  taken 

therapeudcusef1  AsSOciation  because  the  name  indicated 

name  ‘Wi  eS!:.  a“empt  was  made  to  substitute  a  new 
V1  amic  acid  »  d^s  was  really  no  less  objectionable  and 
it  never  came  into  general  use. 
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The  chemical  structure  of  ascorbic  acid  is  simpler  than  the 
structures  of  most  other  vitamins.  The  empiric  formula  is 
CeHgOg.  It  is  an  acid  and  will  form  salts.  Perhaps  the  most  im¬ 
portant  chemical  property  is  that  ascorbic  acid  is  a  highly  active 
reducing  agent,  being  readily  oxidized  and  losing  its  vitamin 
activity  when  oxidized.  The  first  product  of  oxidation,  dehydro- 
ascorbic  acid,  can  be  converted  back  to  the  vitamin  by  treatment 
with  hydrogen  sulfide.  Of  all  the  vitamins,  ascorbic  acid  is 
destroyed  most  easily  by  oxidation.  In  extracts,  in  juices,  and  in 
foods  with  cut  surfaces,  ascorbic  acid  is  oxidized  in  the  presence 
of  air.  The  oxidation  is  accelerated  by  heat,  by  the  presence  of 
traces  of  copper  and  by  alkalinity.  The  oxidation  is  decreased 
by  the  presence  of  acid  and  by  storage  in  the  cold.  Ascorbic  acid 
is  freely  soluble  in  water.  Ascorbic  acid  can  be  synthesized  in 
plant  tissues  and  in  the  tissues  of  some  animals  (e.g.,  the  rat) 
from  at  least  2  hexoses,  D-glucose  and  D-galactose. 


Functions 


Ascorbic  acid  prevents  scurvy.  This  disease  occurs  in  only  3 
species  of  animals:  guinea  pigs,  monkeys,  humans.  The  absence 
of  scurvy  from  other  species  does  not  mean  that  ascorbic  acid  is 
not  required.  In  all  species  except  the  3  mentioned,  ascorbic  acid 
is  synthesized  in  the  body  tissues,  and  an  ingested  supply  is  not 
needed.  Guinea  pigs,  monkeys  and  humans  are  unable  to  synthe¬ 
size  ascorbic  acid,  and  an  exogenous  supply  is  needed  to  prevent 


scurvy. 

Scurvy  has  been  known  to  occur  in  humans  for  at  least  400 
years,  and  numerous  descriptions  of  it  are  available.  The  defi¬ 
ciency  disease  has  been  studied  extensively  in  guinea  pigs.  Several 
studies  have  been  made  of  planned  induction  of  ascorbic  acid 
deficiency  in  humans,  and  these  have  provided  much  valuable 

information. 

Scurvy  may  occur  in  infants,  usually  between  6  and  12  months 
of  age  Knowledge  that  the  baby  is  ill  is  based,  usually,  on  irrita¬ 
bility  and  tenderness  when  the  baby  is  handled.  Hemorrhages 
due  to  increased  permeability  of  the  blood  vessels,  may  be  foun 
anywhere  in  the  body.  Most  frequently,  hemorrhages  occur  under 
the  periosteum  of  the  long  bones,  in  the  gums,  under  the  skin 
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and  in  mucous  membranes.  Edema,  subsequent  to  hemorrhage, 
may  cause  swelling  at  the  ends  of  long  bones,  giving  them  the 
shape  of  a  club.  There  is  likely  to  be  enlargement  of  the  costo¬ 
chondral  junction,  giving  a  characteristic  “scorbutic  rosary.’’  An 
x-ray  examination  is  likely  to  show  marked  changes  in  bone 
structure.  These  bone  lesions  are  not  present  in  an  adult  with 
scurvy.  In  this  latter  case,  hemorrhages  are  common. 

It  is  said,  generally,  that  the  main  function  of  ascorbic  acid  is 
to  promote  the  formation  of  collagen,  an  intracellular  substance 
found  in  connective  tissue,  in  the  osteoid  tissue  of  bones,  and  in 
the  dentine  of  teeth.  The  relation  of  ascorbic  acid  to  collagen 
formation  was  based  on  the  work  of  Wolbach  and  Bessey.114  It 
was  proposed  by  Ham  and  Elliott115  that  the  defect  is  a  failure 
to  form  new  connective  tissue  and  not  destruction  of  existing 
tissue.  I  here  is  considerable  doubt  about  the  precise  relation  of 
ascorbic  acid  to  collagen  formation. 

The  incisor  teeth  of  guinea  pigs  grow  continually,  and  the 
fust  maiked  change  caused  by  ascorbic  acid  deficiency  is  in  those 
teeth.  The  change  in  tooth  structure  was  shown  by  MacLean 
ct  al.  to  be  injury  to  odontoblasts  and  the  laying  down  of  an 
abnormal  type  of  dentine.  A  corresponding  condition  w^as  found 
in  bones  (damage  to  osteoblasts  with  abnormal  formation  of 
bone).  In  the  teeth  and  in  the  bones,  ascorbic  acid  deficiency 
affects  those  cells  which  normally  are  involved  in  calcification. 

o  other  definite  changes  could  be  found  in  the  tissues  of  scor- 
mtic  guinea  pigs.  It  should  be  noted  that  comparable  studies  on 
humans,  regarding  changes  in  calcification,  have  not  yet  been 


The  cause  of  the  increased  fragility  of  blood  vessels,  giving  rise 
O  the  characteristic  hemorrhages,  is  not  known.  For  some  years 

no't  bv™  T  ™de  that  the  -^ased  permeability  was  caused, 

fac  or  Vi  pT  acid-  but  by  a  deficiency  of  a  separate 

vitamin  P  mTfi  (  There  is  evidence  that 

min  i  modifies  the  development  of  scurvy  in  a  guinea  nig 
deprived  of  ascorbic  acid.  S 1  S 

inJantsnsTt  ?T"Td  T  SC°rblltic  «ui"ea  pigs-  and  in 

mallv  unless  ?  -gC  ‘T  °f  tyr°sine  is  not  metabolized  nor¬ 
mally  unless  ascorbic  acid  is  available.  Unusual  metabolites  of 
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tyrosine  are  excreted  in  the  urine,  and  these  indicate  that  there 
has  been  a  failure  to  rupture  the  benzene  ring  in  tyrosine.  This 
observation  had  been  interpreted  as  showing  that  ascorbic  acid 
functions  in  the  metabolism  of  amino  acids.  No  amino  acid, 
other  than  tyrosine,  has  been  implicated.  The  circumstances 
relating  to  tyrosine  are  unusual;  a  large  dose  must  be  given  to 
demonstrate  the  defect.  The  mechanism  of  the  relation  of  ascor¬ 
bic  acid  to  the  metabolism  of  tyrosine  has  not  been  explained. 

Several  descriptions  of  planned  development  of  ascorbic  acid 
deficiency  in  human  subjects  have  been  published.119  The  most 
nearly  complete  was  that  carried  out  in  Britain  in  the  period 
1944  to  1946.120  Ten  adult,  male  volunteers  were  given  daily  for 
some  months  a  special  diet  supplying  1  mg.  ascorbic  acid  per 
day.  After  about  17  weeks  there  appeared  enlargement  and 
keratosis  of  hair  follicles.  The  enlarged  hair  follicles  became 
hemorrhagic.  Gum  changes  began  to  appear  after  26  weeks  of 
dietary  deficiency.  None  of  these  changes  is  specific  for  ascorbic 
acid  deficiency.  There  was  no  change  in  body  weight  and  no  in¬ 
creased  incidence  of  infection,  although  colds  seemed  to  last 


longer.  The  deficient  subjects  reported  pains  in  the  back,  joints 
and  limbs  as  signs  of  scurvy  developed.  The  amount  of  ascorbic 
acid  in  the  blood  plasma  decreased  to  a  very  low  level  within  37 
days  after  the  start  of  deprivation  and  remained  at  the  low  level 
for  the  rest  of  the  experiment.  However,  the  amount  of  ascorbic 
acid  in  the  white  blood  cells  did  not  show  a  definite  drop  until 
after  113  days.  It  has  been  observed  repeatedly  that  the  level  of 
ascorbic  acid  in  the  blood  plasma  reflects  quickly  a  change  m 
intake.  The  concentration  of  ascorbic  acid  in  the  leukocytes  is 
much  more  stable.  The  presence  of  only  a  small  amount  o 
ascorbic  acid  in  the  blood  plasma  does  not  show  that  scurvy  is 
close  but  does  indicate  that  the  person  has  had  a  small  intake  in 

thSwollen^umsS  which  bleed  easily  are  usually  but  not  always 
found  in  a  person  with  scurvy.  Gingivitis,  as  noted  by  dentists 
in  the  United  States  and  Canada,  has  been  ascribed  to  ascorbic 
acid  deficiency  because  of  the  resemblance  to  the  gum  lesions  i 
scurvy^ Gingivitis,  as  it  occurs  usually  in  these  countries,  is  more 
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likely  to  be  due  to  poor  oral  hygiene.  Gingivitis  occurs  only  in 
persons  having  natural  teeth. 

The  adrenal  cortex  contains  a  very  high  concentration  of 
ascorbic  acid.  Stimulation  of  the  adrenal  glands  by  administra¬ 
tion  of  ACTH  (the  adrenal  cortical  stimulating  hormone  of  the 
pituitary)  causes  a  marked  decrease  in  the  ascorbic  acid  content. 
At  the  same  time  there  is  a  loss  of  cholesterol.  Stimulation  causes 
an  increased  output  of  adrenal  steroid  hormones.  It  has  been 
assumed  that  these  steroid  hormones  are  synthesized  from  choles¬ 
terol,  and  that  ascorbic  acid  is  involved  in,  or  is  essential  for,  the 
synthesis.121  Unfortunately,  this  interesting  explanation  has  not 
been  substantiated  fully. 

There  is  no  doubt  that  ascorbic  acid  prevents  scurvy  and  that 
it  is  an  essential  nutrient  which  must  be  ingested  by  humans, 
monkeys  and  guinea  pigs.  The  effects  of  ascorbic  acid  on  calcifi¬ 
cation  in  the  teeth  and  the  bones  of  guinea  pigs  have  been 
established.  1  he  precise  biochemical  function  of  ascorbic  acid 
has  not  been  elucidated.  While  ascorbic  acid  is  necessary  for  the 
maintenance  of  health,  there  is  no  good  evidence  that  liberal 
intakes  will  prevent  the  common  cold  or  guard  against  hay  fever 
or  a  variety  of  other  diseases. 


Requirements 

There  is  a  wide  range  in  the  recommended  intakes  of  ascorbic 
acid.  Part  of  the  difference  in  opinion  is  due  to  differences  in  the 
criteria  of  adequacy.  On  the  basis  of  available  evidence  it  is  not 

possible  to  select  the  intake  which  will  confer  the  greatest  benefit 
in  health. 

In  the  British  experiment  on  human  subjects120  it  was  found 
that  10  mg.  a  day  protected  7  subjects  for  424  days  against  any 
external  s.gns  of  scurvy.  This  daily  intake  also  caused  prompt 
recovery  from  scurvy  in  subjects  who  had  been  purposely 
rendered  deficient.  This  amount  was  regarded  as  the  minimal 
pro  ective  intake.  To  obtain  a  recommendation  to  cover  indi- 

r  in  a  population  and  to  provide  a  margin  of 

safety,  the  British  committee  trebled  the  minimal  figure.  On  this 

waTa  suitable' d  ^ntlrc(>L  e“1Piric>  H  was  suggested  that  30  mg. 
suitable  daily  intake  for  adults.  This  amount  is  the  sanie 
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as  that  recommended  by  the  Health  Organization  of  the  League 
of  Nations  in  1938. 

In  studies  on  ascorbic  acid  requirements,  considerable  atten¬ 
tion  has  been  given  to  the  concentration  of  ascorbic  acid  in  blood 
plasma,  leukocytes  and  urine.  It  has  been  noted  that  the  plasma 
concentration  is  a  reflection  of  the  immediate  past  intake.  In  the 
British  study  it  was  found  that  subjects  on  the  deficient  diet 
showed  a  severe  drop  in  plasma  ascorbic  acid  within  37  days;  the 
amount  in  the  white  cells  did  not  decrease  until  after  113  days. 
In  another  group  of  subjects  an  intake  of  70  mg.  a  day  was  suffi¬ 
cient  to  prevent  a  decrease  in  the  plasma  concentration.  An 
intake  of  10  mg.  a  day  did  not  maintain  the  plasma  concentra¬ 
tion.  It  has  been  observed  in  a  number  of  studies  that  about 


70  mg.  a  day  is  required  to  keep  the  ascorbic  acid  in  the  plasma 
at  a  high  level  (about  1.0  mg.  per  100  ml.  plasma).  While  it  is 
widely  assumed  that  it  is  desirable  to  keep  the  plasma  level  high, 
there  is  no  concrete  evidence  that  extra  health  benefits  aie  thus 
secured.  However,  there  are  several  reasons  for  the  liberal  recom¬ 
mendations.  It  is  safe  to  assume  that  the  body  tissues  will  be 
saturated  when  the  plasma  concentration  is  high.  Moreover,  the 
plasma  content  of  ascorbic  acid  constitutes  a  mobile  store.  A  man 
of  average  weight  can  hold  from  20  to  25  mg.  ascorbic  acid  in 

his  plasma. 

Another  approach  to  the  selection  of  a  suitable  intake  is  a 
consideration  of  the  ascorbic  acid  content  of  human  milk.1-- 
There  is  a  limited  relation  between  the  intake  of  the  mother  anc 
the  amount  in  milk.  Milk  concentration  drops  if  the  maternal 
intake  is  low;  apparently,  the  amount  in  milk  cannot  be  raised  to 
an  abnormal  level  by  augmenting  a  good  intake  The  excess  mta  e 
was  excreted  in  urine  and  not  secreted  in  milk.  The  norma 
concentration  in  human  milk  is  about  double  that  in  cow  s  milk 
(cows  do  not  require  an  exogenous  supply).  Under  average  con 
dkions  a  young  baby,  breast-fed,  receives  from  40  to  50  mg^ascor 
bic  acid  a  day.  It  has  been  suggested  that  this  is  a  natural  ° 
desirable  supply.  From  this  assumption,  it  is  possible  to  consic 
f™US  ImaL  (about  70  mg.  for  adults)  as  justifiable. 

‘  The  United  States  Food  and  Nutrition  Boards  recommended 
7oTng  a  day  for  women  and  75  mg.  daily  for  men.  Other  recom- 
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mendations  were  30  mg.  lor  infants  and  from  35  to  100  mg.  for 
children  and  adolescents.  The  Canadian  Council  on  Nutrition 
has  recommended124  30  mg.  a  day  for  adults  and  for  children. 
Obviously,  there  is  considerable  discrepancy  between  the  two 
recommendations. 

There  is  another  aspect  to  recommended  intakes  of  ascorbic 
acid.  This  vitamin  is  more  easily  lost  during  cooking  than  is  any 
other  nutrient.  The  amount  advised  by  the  Canadian  Council  on 
Nutrition  is  30  mg.  actually  ingested.  This  is  equally  true  of  the 
United  States  recommendations.  This  point  is  essential  to  re¬ 
member  in  selecting  food  supplies  of  ascorbic  acid.  There  should 
be  an  allowance  for  losses  in  storage  and  in  preparation,  and  this 
allowance  is  particularly  important  if  the  smaller  recommenda¬ 
tions  are  being  used. 

Circumstances  may  have  much  to  do  with  the  selection  of  a 
recommendation.  In  an  area  with  limited  food  supplies,  or  in  an 
emergency  situation,  the  primary  goal  is  to  ensure  the  minimal 
intake  necessary  to  protect  against  deficiency  disease.  If  food 
supplies  are  ample,  there  is  no  need  to  limit  the  recommendation 
and,  from  many  viewpoints,  a  generous  one  is  advisable.  This  is 
particularly  true  when  it  is  realized  that  a  liberal  intake  of 
ascorbic  acid  cannot  be  harmful  (since  an  excess  is  rapidly 
excreted  in  the  urine),  and  it  may  be  beneficial. 


Sources 


Table  13  shows  the  amounts  of  ascorbic  acid  contained  in 
average  servings  of  some  frequently  used  foods. 

Table  13.  Ascorbic  Acid  Content  of  Foods 


Food 


Serving 


Ascorbic  Acid 

mg.  PER 


wm,  iaw 


Apple  juice,  canned,  enriched 
Asparagus,  cooked 
Banana,  medium,  raw 


Beans,  snap,  cooked 
Beets,  cooked,  diced 


Apple  juice,  canned 


1  cup 


1  cup 
1  cup 
1  cup 


6 

2 

88 

40 

10 

18 

11 
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Table  13.  (Continued) 

Ascorbic  Acid 

Food  Serving  mg.  per 

AVERAGE  SERVING 


Broccoli,  cooked 
Brussels  sprouts,  cooked 
Cabbage,  raw,  shredded 
Cabbage,  cooked 
Cantaloupe,  raw 
Carrots,  cooked 
Collards,  cooked 
Cucumbers,  raw 
Gooseberries,  raw 
Grapefruit,  raw 
Grapefruit  juice,  canned 
Grape  juice,  bottled 
Lemon,  raw 
Lime,  raw 
Liver,  beef,  fried 
Loganberries,  raw 
Milk,  cow’s,  whole 
Onions,  cooked 
Orange,  raw 
Orange  juice,  fresh 
Orange  juice,  canned 
Orange  juice,  frozen,  cone. 
Parsnips,  cooked 
Peaches,  raw 
Pears,  raw 
Peas,  green,  cooked 
Pepper,  green,  baked 
Pineapple,  raw 
Pineapple  juice,  canned 
Potato,  baked 
Rhubarb,  cooked 
Sauerkraut,  canned 
Spinach,  cooked 
Sweet  potato,  baked 
Tangerine,  raw 
Tomato,  raw 
Tomato,  canned 
Tomato  juice,  canned 
Turnips,  cooked 
Turnip  greens,  cooked 
Watermelon,  raw 


1  cup 

111 

1  cup 

61 

1  cup 

50 

1  cup 

32 

i/2  melon 

59 

1  cup 

6 

1  cup 

84 

6  slices 

4 

1  cup 

49 

i/2  medium 

76 

1  cup 

85 

1  cup 

trace 

1  medium 

31 

1  medium 

14 

2  oz. 

18 

1  cup 

34 

1  cup 

3 

1  cup 

13 

1  medium 

77 

1  cup 

122 

1  cup 

105 

1  oz. 

48 

1  cup 

19 

1  medium 

8 

1  medium 

6 

1  cup 

24 

1  medium 

64 

1  cup 

33 

1  cup 

22 

1  medium 

17 

1  cup 

17 

1  cup 

24 

1  cup 

54 

1  medium 

28 

1  medium 

25 

1  medium 

35 

1  cup 

40 

1  cup 

40 

1  cup 

28 

1  cup 

8/ 

1/2  slice 

10 
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The  general  statement  is  made  that  fruits  and  vegetables  fur¬ 
nish  ascorbic  acid.  Like  most  general  statements  there  are  a 
number  of  exceptions.  In  North  America  reliance  is  placed,  with 
justification,  on  citrus  fruits  and  citrus  juices.  Either  one  half  of 
a  medium  grapefruit  or  one  medium  orange  (or  4  oz.  of  juice) 
will  furnish  the  generous  recommendation  for  ascorbic  acid.  In 
the  absence  of  citrus  fruits,  a  number  of  fruits  and  vegetables  are 
important.  Cabbage,  turnips,  spinach,  turnip  greens,  tomatoes 
and  potatoes  can  provide  a  fairly  satisfactory  intake.  Not  all 
fruits  are  useful  in  supplying  ascorbic  acid.  The  amount  in 
apples  depends  on  variety.  Many  popular  eating  apples  (and 
juice  made  from  them)  supply  negligible  amounts.  Canned  apple 
juice  may  have  added  ascorbic  acid  and  will  be  so  marked.  Limes, 
peaches  and  pears  are  low.  While  the  ascorbic  acid  content  of 
fruits  and  vegetables  varies  with  variety  and  with  species,  the 
amount  of  sunlight  available  during  ripening  is  an  important 
factor;  in  the  case  of  tomatoes,  sunlight  is  more  important  than 
variety. 

Cow  s  milk  contains  a  small  amount  of  ascorbic  acid.  Pasteuri¬ 
zation  has  been  condemned  because  it  destroys  ascorbic  acid.  The 
amount  of  the  vitamin  in  milk  is  so  meager,  and  other  sources 
aie  so  plentiful  that  there  is  no  need  to  be  concerned  about  the 
effects  of  pasteurization.  This  is  especially  true  when  the  benefits 
of  pasteurization  are  established. 


Knowledge  about  scurvy  and  the  means  of  prevention  have 
been  so  clear  for  years  that  there  is  no  sound  reason  why  scurvy 
should  continue  to  occur  in  infants.  Infants  should  receive  a 
source  of  ascorbic  acid,  starting  at  2  weeks  of  age.  Fresh  oran-e 
juice,  diluted  with  equal  parts  of  cooled,  boiled  water  is  satis- 
actory.  A  start  should  be  made  with  1  to  2  teaspoons  daily, 
increasing  gradually  until  the  baby  receives  the  equivalent  of 

2  °  °f  °range  JLllce  a  daY-  Ascorbic  acid  may  be  used  for  babies 
who  are  sensitive  to  orange  juice.  Recently,  there  has  been  con- 

““ M  ab°Ut  r  infantile 

scurvy.  Woodruff  has  pointed  out  that  it  was  the  practice  in  Ten 
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scurvy  in  a  baby  is  due  to  carelessness,  either  by  the  mother  or 
in  advising  the  mother. 


NUTRIENT  INTERRELATIONS 


To  the  work  of  Schoenheimer126  is  due  the  concept  that  body 
tissues  are  in  a  continuous  state  of  flux.  Few,  if  any,  of  the  con¬ 
stituents  are  static.  There  is  a  maze  of  continually  operating 
biochemical  reactions,  none  of  which  is  independent  of  others. 
The  metabolism  of  carbohydrate  is  integrated  with  the  utiliza¬ 
tion  of  protein  and  fat.  This  interlocking  metabolism  is  de¬ 
pendent  upon  several  of  the  B  vitamins.  The  incorporation  of 
calcium  and  phosphorus  in  bone  is  conditioned  by  vitamins  C 
and  D  and  by  other  factors,  of  which  one  is  the  ratio  of  the 
amounts  of  calcium  and  phosphorus  in  the  food  supply.  A  defi¬ 
ciency  of  vitamin  D,  by  decreasing  the  absorption  of  calcium, 
may  increase  the  apparent  need.  A  meager  intake  of  fat  increases 
the  need  for  thiamine.  A  liberal  intake  of  protein  augments  the 
requirement  for  vitamin  B6.  It  is  unwise  to  recommend  a  given 
intake  of  a  single  nutrient  without  considering  the  joint  prob¬ 


lems  that  are  involved. 

The  question  of  supply  is  further  involved  when  it  is  remem¬ 
bered  that  most  foods  are  not  sources  of  single  nutrients  and 
that  deficiencies,  as  they  are  found  in  practice,  are  not  likely  to 
be  singular  deficiencies.  A  person  who  eats  little  meat  is  not  on  y 
likely  to  lack  some  of  the  essential  amino  acids  but  may  be  short 
of  nicotinic  acid  because  meat  is  a  major  source  of  that  vitamin. 
An  individual  who  uses  little  milk  will  receive  only  small 
amounts  of  calcium  and  riboflavin.  It  has  been  pointed  out,  for 
example  by  McLester,'22  that  pellagra  is  a  multiple  deficiency. 
Therapy  with  nicotinic  acid  will  cause  prompt  disappearance  of 


selected  foods. 

The  availability 
encouraged  the  use 


f  pure  vitamins,  often  at  low  prices,  has 
f  vitamin  preparations  in  the  treatment  o 
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disease  and  by  the  public  as  tonics.  The  comparatively  small 
quantities  of  vitamins  needed  for  the  prevention  of  deficiency 
diseases  can  be  obtained  easily  from  foods.  While  there  are  con¬ 
vincing  arguments  for  intakes  more  generous  than  minimal  needs, 
there  is  no  evidence  that  excess  supplies  will  confer  added  bene¬ 
fits  in  resistance  to  infection  or  in  abnormal  health.  Excess 
amounts  of  water-soluble  vitamins  are  removed  rapidly  from  the 
body  by  excretion  in  the  urine.  Meals,  composed  of  foods  selected 
to  meet  requirements,  are  the  best  means  of  obtaining  vitamins. 
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CHAPTER  9 


A  Summary  of  Requirements 


DIETARY  STANDARDS:  DEFINITION  AND  HISTORY 


A  dietary  standard  is  a  compilation  or  a  summary  of  nutrient 
requirements,  stated  quantitatively.  A  number  of  dietary  stand¬ 
ards  have  been  formulated.  An  early  one,  perhaps  the  first,  was 
that  of  the  German  physiologist,  Carl  Voit  (1831-1908).  This  was 
published  in  188 1,1  at  which  time  there  was  no  such  word  as 
vitamin  and  little  interest  in  the  nutrient  elements.  The  recom¬ 
mendation  made  by  Voit  was  for  a  man  doing  8  to  10  hours  of 
work  each  day,  and  for  such  a  man  Voit  concluded  that  the 


energy  need  would  be  3,000  calories  supplied  by  118  Gm.  pro¬ 
tein,  500  Gm.  carbohydrate  and  56  Gm.  fat.  At  present  in  North 
America  the  intake  stipulated  by  Voit  would  be  regarded  as  a 
low-fat  diet,  since  lat  would  supply  only  17  per  cent  of  the  total 
calories.  The  energy  figure  is  similar  to  that  which  would  be 
thought  suitable  today.  The  estimates  of  protein,  fat  and  carbo- 
i  yd  rate  used  by  Voit  were  actually  averages  found  in  a  study  of 
tood  intakes  of  German  working  men.  The  estimates  conformed 
to  food  habits  and  were  not  based  on  information  regarding 
physiologic  requirements.  Two  other  recommendations  (by 
Rubner  in  1903s  and  by  Atwater  in  the  same  year*)  were  approxi¬ 
mately  the  same  as  that  of  Voit  and  were  also  obtained  by  inspec¬ 
tion  Of  food  intakes.  These  3  recommendations  are  now  of  his- 
onc  interest.  In  addition,  they  furnish  information  regarding 

e  proportions  of  fat  and  carbohydrates  used  by  wo,  kingSpeopl! 
in  the  period  around  1900.  6  1  p 

q  1933  a  Committee  on  Nutrition  appointed  by  the  British 
Medical  Associat  on  had  been  se,  .m  i  .,  •  ,  ltlsh 

weekly  exnendiii.™  r  ,  1  determine  the  minimum 

families  of  varying  J? 

maintained.-  The  report  of  the  B.M.A.  ComLtteet  i/onmer^t 
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because  the  amount  of  fat  thought  advisable  was  about  double 
that  suggested  by  Voit.  No  quantitative  recommendations  for 
nutrient  elements  or  for  vitamins  were  made  by  the  Committee. 

Two  years  later  (1935)  the  Health  Organization  of  the  League 
of  Nations  prepared  a  report  on  nutrient  requirements;  this  was 
published  in  an  amended  and  final  form  in  1936.5  This  report 
contained  the  first  dietary  standard  based  on  consideration  of 
physiologic  needs  and  the  first  to  assess  requirements  for  nutri¬ 
ent  elements  and  vitamins.  In  the  light  of  more  recent  knowledge 
the  statement  was  fragmentary  and,  in  part,  would  not  be  accept¬ 
able  now.  To  cite  one  example:  a  woman  doing  housework  was 
said  to  need  3,000  calories  a  day.  This  would  now  be  considered 
as  markedly  excessive.  The  report  served  a  useful  purpose  in 
causing  people  to  think  of  food  intakes  in  terms  of  physiologic 
need. 

During  World  War  II  interest  in  practical  nutrition  was  inten¬ 
sified,  and  national  nutrition  bodies  were  set  up  in  a  number  of 
countries.  In  almost  every  case  there  was  felt  to  be  a  need  for  a 
statement  of  nutrition  requirements.  Dietary  standards  or  recom¬ 
mended  allowances  were  formulated  in  the  United  States,  in 
Canada,  Britain,  Australia  and  other  countries.  In  the  past  few 
years  the  Food  and  Agriculture  Organization  and  the  World 
Health  Organization,  both  of  the  United  Nations,  have  given 
attention  to  nutrition  recommendations.  Statements  of  caloiie 
and  protein  requirements  have  been  prepared.  Between  the 
various  dietary  standards  and  recommended  allowances  theie  is 
considerable  agreement.  There  is  also  some  disagreement.  Gen¬ 
erally,  the  discordance  has  resulted  from  divergence  in  the 
preparation  of  the  standard  or  from  differences  in  opinion  in 
interpreting  available  data. 


U.  S.  RECOMMENDED  ALLOWANCES 

In  1940  the  National  Research  Council  of  the  United  States 
constituted  a  Food  and  Nutrition  Board,  developing  it  from  a 
previous  Committee  on  Food  and  Nutrition.  The  Board  decided 
that  a  task  of  immediate  urgency  was  the  formulation  of  a  sta  e- 
ment  of  nutrition  requirements.  This  was  completed  in  May, 
1941,  and  published  in  January,  1943.  It  was  not  cnti  e 
dietary  standard,  but  very  wisely  there  was  chosen  a  name  whic 


U.  S.  Recommended  Allowances 


219 


was  more  nearly  accurate,  “Recommended  Dietary  Allowances.” 
This  name  was  selected  to  avoid  any  implication  of  finality— a 
finality  which  was  impossible  because  of  the  lack  of  precise 
information.  Moreover,  the  selected  name  concisely  states  the 
main  use  intended  for  the  figures  in  guiding  persons  to  select 
and  consume  foods  which  would  be  sure  to  maintain  health.  The 
Recommended  Allowances  were  revised  in  1945,  1948  and  1953. 
In  the  most  recent  form0  the  published  statement  contains  a 
valuable  introduction  which  should  be  read  carefully  by  every¬ 
one  interested  in  nutrition.  The  following  quotations  are 
especially  important: 


The  values  proposed  represent  exactly  what  is  implied  in  the  literal 
interpretation  of  the  words,  “recommended  dietary  allowances,”  i.e., 
levels  of  nutrient  intake  appearing  desirable  for  use  in  planning  diets 
and  food  supplies. 

The  allowances  are  designed  for  the  maintenance  of  good  nutrition 
of  healthy  persons  in  the  United  States  under  present  conditions.  They 
are  not  necessarily  applicable  to  situations  of  stringency  or  limited  food 
supply. 


The  recommendations  are  not  requirements,  since  they  represent,  not 
merely  minimal  needs  of  average  persons,  but  nutrient  levels  selected 
to  cover  individual  variations  in  a  substantial  majority  of  the  popula¬ 
tions. 

The  recommendations  are  not  designed  to  provide  a  basis  for  judg- 
ing  the  nutritional  states  of  population  groups  but  rather  to  serve  as  a 
guide  for  planning  food  supplies  for  these  groups. 

In  preparing  the  1953  statement  of  recommended  allowances 


several  marked  changes  from  previous  statements  were  made. 
By  that  time  the  Food  and  Agriculture  Organization  had  pub¬ 
lished  recommendations  for  calories.  These  international  arrange¬ 
ments  were  incorporated  into  the  United  States  Recommended 
Allowances.  They  were  discussed  in  Chapter  3.  The  basis  of  the 
recommendations  is  the  “standard”  man  or  woman,  both  25 
years  of  age,  living  in  a  temperate  climate,  weighing  65  Kg. 
(male)  and  55  Kg.  (female),  and  fairly  active  physically.  Adjust¬ 
ments  must  be  made  for  age,  body  weight,  climate  and  activity 
for  all  persons  who  differ  from  these  standards.  The  recom¬ 
mended  allowances  are  shown  in  Table  14 

aJhkelVm  TheC°mmended  ^^nces,  adjustments  of  the  figures 
ba!is  Y  "eCeSSary-  T,'eSe  ma*  be  made  ‘he  following 
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Table  14.  Food  and  Nutrition  Board,  National  Research  Council  Recommended  Daily  Dietary 
Allowances,1  Revised  1953.  Designed  for  the  Maintenance  of  Good  Nutrition  of 
Healthy  Persons  in  the  U.S.A.  (allowances  are  considered  to  apply  to 


persons  normally  vigorous  and  living  in  temperate  climate) 

Vitamin 

D 

I.U. 

400 

400 

o  o  o 
o  o  o 

tj<  Tf 

o  o  o 
o  o  o 
■*t  ir  -t 

O  O  O 
O  O  O 

TT  It  TJ> 

o  o  o 
o  o  o 

rf  rt  Tf 

Ascorbic 

Acid 

mg. 

in  in  ic 
r-  r- 

o  o  o  o  o 
I-  t-  t-  o  in 

r—(  i-H 

o  o  o 
co  co  co 

in  o  o 
co  in. co 

in  o  o 
>050 

rH 

in  o  o 
t-  oo  oo 

Niacin 

mg. 

CO  LO  CO 

•— *  •— 1  rH 

ci  i— i  o  in  in 

^H  rH  rH  rH  rH 

co  ■'T  in 

CO  GO  O 

r-H 

CO  CO  o 

rH  i-H  rH 

Cl  CO  Cl 

rH  *H  r-H 

Ribo¬ 

flavin 

mg. 

CO  CD  CO 

<“■"1  *-H  rH 

,_H  <  '-h  ci  oi 

•'f  >-  o 
odd 

o  ci  in 

rH  rH  rH 

00  rH  in 

d  ci  ci 

oo  o  q 

H  Ol  H 

Thiamine 

mg. 

co  in  « 

rH  rH  rH 

oi  h  o  to  to 

rH  rH  rH  rH  rH 

co  in 
odd 

CO  00  o 
odd 

cq  cq  o 

rH  i— H  rH 

ci  cq  ci 

i-H  rH  rH 

Vitamin 

A 

I.U. 

o  o  o 
o  o  o 
©  ©  © 
m'  in  in 

o  o  o  o  o 
o  o  o  o  o 
o  ©  ©  o  ©_ 
in  in  in  d  oo 

1,500 

1,500 

1,500 

o  o  o 
o  o  o 
o  in  in 

of  of  co" 

o  o  o 
o  o  o 
in  ©  o 
4  in  in 

o  o  o 
o  o  o 
in  o„  o 

4  in  in 

§ 

A  E 

Ol  Ol  Cl 

rH  rH  rH 

Cl  (M  Ol  tO  tO 

rH  rH  r— 1  r-H  rH 

CO  CO  CO 

>00  o 

rH 

cm  in  to 

rH  »H  rH 

(M  lO  lO 

rH  f-H  rH 

Calcium 

Gm. 

oo  do  oo 
odd 

oo  oo  oo  in  o 
c  d  c  ci 

CO  00  o 
odd 

ooq 

rH  »-H  i-H 

Cl  Tt  rq 

»H  »H  i-H 

ci  cq  cq 

rH  rH  rH 

Protein 

Gm. 

to  to  to 

CO  CO  vO 

m  in  in  o  o 
in  in  in  oo  o 

H 

«  M  CO 

in  in  in 
co  co  co 

XXX 

bio  bio  &b 

-X  -X 

o  o  o 

rji  m  CO 

o  in  o 
>000 

o  o  in 
>  «  > 

Calories 

Cl 

coo 
o  o  o 

CJ  CDS  CD 
CO  of  of 

2,300- 
2,100 
1,800 
Add  400 
Add  1,000 

kg.xl20 

kg.xllO 

kg.xlOO 

o  o  o 
o  o  o 

CM  CO^  CD 

H  H  Ol 

2,500 

3,200 

3,800 

2,300 

2,500 

2,400 

Height 
cm.  (in.) 

170  (67) 
170  (67) 
170  (67) 

157  (62) 
157  (62) 
157  (62) 
?ster ) 
daily ) 

60  (24) 
70  (28) 
75  (30) 

87  (34) 
109  (43) 
129  (51) 

144  (57) 
163  (64) 
175  (69) 

144  (57) 
160  (63) 
162  (64) 

Weight 
kg.  (lb.) 

65  (143) 
65  (143) 
65  (143) 

55  (121) 
55  (121) 
55  (121) 
t  (3rd  trinjt 
g  (850  ml. 

CO  O  Ol 
H  Ol  Ol 

CO  05  O 

rH 

l^OO 

w  ^  m 

ci  oo  > 

H  H  (M 

35  (78) 
49  (108) 
63  (139) 

36  (79) 
49  (108) 
54  (120) 

Age 

Years 

in  in  in 
CM  TP  CO 

c  c 
«  XJ 
c  « 

in  m  m 
(N  TT  CO  4J  % 

o,  d 

0-1/124 

1/12-3/12 

4/12-9/12 

10/12-1 

CO  CO  O 

rH  4  >• 

10-12 

13-15 

16-20 

10-12 

13-15 

16-20 

Men 

Women 

Infants3 

Children 

Boys 

Girls 

1  In  planning  practical  dietaries,  the  recommended  allowances  can  be  attained  with  a  variety  of  common  foods 
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A  Summary  of  Requirements 


Adjustment  for  Age.  For  each  decade  of  age  over  25  there 
should  be  a  5  per  cent  reduction  in  the  allowance  for  calories. 
For  ages  20  to  25  inclusive  there  should  be  an  increase  in  the 
calorie  allowance  of  0.5  per  cent  per  year.  There  is  no  informa¬ 
tion  that  age  affects  requirements  for  various  nutrients. 

Adjustment  for  Body  Weight.  Calorie  allowances  for  indi¬ 
vidual  adults  may  be  calculated  from  the  standard  figures  on 
this  basis: 

Per  Cent  of  Standard 

Desirable  Weight  in  Pounds  Calorie  Allowance 


Men 

Women 

105 

90 

80 

124 

104 

90 

143 

121 

100 

163 

135 

110 

183 

156 

120 

It  should  be  noted  that  the  body  weights  given  above  aie 
ideal  or  desirable,  not  actual.  If  an  underweight  person  is 
advised  to  have  a  calorie  intake  calculated  for  his  actual  weight, 
the  underweight  will  be  continued;  the  converse,  for  an  obese 
person,  is  also  true.  In  the  case  of  adults,  the  desirable  weight  can 
be  determined  from  height,  as  follows: 


Height  in  Inches 


Weight  in  Pounds 
Men  Women 


58 

60 

62 

64 

66 

68 

70 

72 


125  ±  13 
ISO  ±  13 
135  ±  14 
142  ±  14 
150  ±  15 
158  ±  16 
167  ±  17 


112  ±  11 
116  ±  12 
121  ±  12 
128  ±  13 
135  ±  14 
142  ±  14 
150  ±  15 
158  ±  16 


Protein  allowances  for  adults  can  be  adjusted  for  vanatton 
body  weight  by  assuming  that  a  desirable  intake  .s  1  C.m.  pe  g- 
(22  lbs  I  of  body  weight.  For  children  protein  intake  may  be 

—V 1  f 

adolescence3" Amounts  of  other  nutrients,  definitely  generous, 
need  not  be  adjusted  for  weight  variation. 


Canadian  Dietary  Standard 

Adjustment  for  Activity  and  Work.  The  allowances  are  stated 
for  reference  adults  having  fairly  vigorous  activity.  The  energy 
allowances  may  be  adjusted  downward  for  sedentary  persons  and 
upward  for  very  active,  or  hard-working  people.  Such  adjustment 
is  difficult  to  make  because  it  is  hard  to  gauge,  reliably,  the 
severity  of  activity  or  of  work.  In  the  case  of  men  suitable 
intakes  may  vary  between  2,500  calories  (sedentary)  and  4,000 
calories  (heavy  work).  The  range  for  women  is  likely  to  be  be¬ 
tween  1,800  calories  and  2,900  calories.  Protein  requirements  are 
not  influenced  by  muscular  activity. 


CANADIAN  DIETARY  STANDARD 


The  Canadian  Council  on  Nutrition  is  a  group  advisory  to 
the  Canadian  Department  of  National  Health  and  Welfare;  it 
was  set  up  in  1937.  In  1938  the  Council  decided  that  the  dietary 
standard  promulgated  by  the  Health  Organization  of  the  League 
of  Nations  was  not  applicable  to  Canadian  circumstances  and 
devised  a  Canadian  standard.  In  1942  the  Canadian  Council 
decided  to  use  the  United  States  Recommended  Allowances,  and 
that  practice  was  followed  until  1947.  Then  a  new  Canadian 
Dietary  Standard  was  prepared;  it  was  published  in  1950.7 

In  presenting  the  dietary  standard  the  Canadian  Council  stated 


that  the  standard  could  be  used  for  3  purposes:  (1)  as  a  basis  for 
planning  food  supplies  for  persons  or  groups;  (2)  to  assess  the 
adequacy  of  observed  intakes;  and  (3)  to  indicate  a  “nutritional 
floor  beneath  which  maintenance  of  health  cannot  be  assumed. 
The  last  two  uses  are  ones  which  the  United  States  Food  and 
Nutrition  Board  did  not  claim  for  the  Recommended  Allow¬ 


ances  and  they  are  applications  of  the  Canadian  Dietary  Stand¬ 
ard  which  are  unwise  to  attempt. 

The  basic  concept  in  the  Canadian  standard  is  that  nutrition 
i equipments  consist  of  maintenance  needs  plus  an  allowance  for 
work  or  activity.  It  was  further  assumed  that  the  main  variant 
influencing  maintenance  requirements  is  body  size  as  expressed 
by  Kleiber  s  formula  in  which  body  size  is  expressed  as  a  function 
of  body  weight  (see  Chap.  3).  Estimates  of  maintenance  require¬ 
ments  for  calories,  protein,  calcium,  phosphorus  and  vitamin  A 
were  calculated  in  terms  of  body  weight.  Requirements  for  thia- 


Table  15.  Canadian  Dietary  Standard.*  (The  figures  in  the  table  give  the  maintenance  allowances 
for  the  body  weights  shown  plus  additional  needs  for  activity  as  indicated) . 
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mine,  riboflavin  and  nicotinic  acid  were  calculated  in  terms  of 
total  calories  and,  consequently,  in  terms  of  body  weight  indi¬ 
rectly.  Maintenance  living  wras  defined  as  “that  which  does  not 
involve  nutrition  for  reproduction,  lactation  or  muscular  work 
other  than  that  associated  with  an  inactive  existence.”  1  he 
Canadian  standard  contains  maintenance  allowances  plus  those 
deemed  advisable  for  various  grades  of  activity.  Since  mainte¬ 
nance  living  can  be  defined  as  purely  sedentary,  the  maintenance 
allowances  were  said  to  be  a  “nutritional  floor”  below  which 
intakes  should  not  drop.  The  Canadian  Dietary  Standard  is  given 
in  Table  15. 

While  the  Canadian  standard  provides  for  variation  due  to 
different  body  size  or  weight,  it  makes  no  allowance  for  variation 
due  to  age  or  climate  difference.  In  these  respects  it  is  less 
complete  than  the  United  States  Recommended  Allowances. 

The  use  of  maintenance  allowances  and  the  description  of 
them  as  a  nutritional  floor  gives  the  impression  that  these  allow¬ 
ances  are  minimal  and  not  optimal.  They  wrould  be  interpreted 
as  the  lowest  intake  compatible  with  health.  Careful  inspection 
of  the  Canadian  standard  shows  that  the  nutrient  allowances  are 
not  minimal.  In  some  cases  they  are  closely  similar  to  the  Recom¬ 
mended  Allowances.  For  some  nutrients  the  Canadian  estimates 
are  intermediate  between  minimal  needs  and  generous  allow¬ 
ances.  The  Canadian  estimates  appear  to  be  conservative  state¬ 
ments  of  optimal  needs.  Several  instances  can  be  noted  specially. 
Caloiie  figures  are  about  10  per  cent  less  than  those  given  in  the 
United  States  Allowances  for  individuals  of  the  same  weight  and 
of  sedentary  occupation.  Protein  figures  are  identical.  Allowance 
of  65  Gm.  of  protein  per  day  for  a  man  weighing  140  lbs.  is  an 
optimal,  generous  supply;  it  could  not  be  regarded  as  a  minimal 
floor,  or  the  least  intake  compatible  with  health.  Adults  have 
lived  in  apparent  health  for  extended  periods  on  25  to  30  Gm. 
of  protein  per  day.  Estimates  of  calcium  needs  are  identical  for 
a  ults  in  the  Canadian  standard  and  in  the  United  States  Allow¬ 
ances;  these  estimates  are  not  minimal  needs  for  calcium  but  are 
generous  allowances.  In  fact,  none  of  the  figures  in  the  Canadian 
standard  should  be  classed  as  a  nutritional  floor.  Divergence 
between  the  two  standards,  as  in  the  case  of  ascorbic  acid,  is  due 
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to  a  difference  in  interpretation  of  existing  evidence.  The  differ¬ 
ences  are  not  serious.  It  is  likely  that  either  standard  can  be  used 
with  entire  safety  in  selecting  foods. 

BRITISH  MEDICAL  ASSOCIATION  STANDARD 
In  1933  the  British  Medical  Association  published  a  dietary 
standard  devised,  mainly  to  determine  the  cost  of  a  food  intake 
which  would  be  adequate  for  the  maintenance  of  health.  A 
second  report8  on  nutrition,  including  a  summary  of  require¬ 
ments,  was  issued  in  1950.  The  committee  accepted  2,200  calories 
and  1,800  calories,  both  per  day,  as  the  amounts  of  energy 
required  for  24  hours  of  ordinary  living  for  adult  men  and 
women,  respectively.  These  could  be  regarded  as  maintenance 
allowances.  To  these  were  added  allowances  graded  for  various 
types  of  work.  For  adults,  at  least  11  per  cent  of  the  calories 
should  be  provided  by  protein;  this  proportion  was  increased 
to  14  per  cent  for  infants,  children,  adolescents,  pregnant  and 
nursing  women.  At  least  25  per  cent  and  up  to  35  per  cent  of  the 
total  calories  should  be  supplied  by  fat.  With  regard  to  nutrient 
elements  and  vitamins,  the  main  divergence  between  the  British 
estimates  and  the  United  States  Recommended  Allowance  lay 
in  the  advised  intake  for  ascorbic  acid.  The  British  Committee 
considered  that  20  mg.  a  day  or  even  less  might  be  an  adequate 
quantity  for  adults  and  that  30  mg.  would  provide  a  good  margin 
of  safety.  A  summary  of  the  British  recommendations  is  given 

in  Table  16. 


Table  16.  British  Medical  Association  Dietary  Standard 


Children 
age  7-10 

Men, 

Light  Work 

Women, 
Medium  Work 

Calories 

Protein,  Gm. 

Iron,  mg. 

Calcium,  Gm. 
Vitamin  A,  units 
Vitamin  D,  units 
Thiamine,  mg. 
Nicotinic  Acid,  mg. 
Riboflavin,  mg. 
Ascorbic  Acid,  mg. 

2,000 

74 

10.5 

1.0 

3,000 

400 

0.8 

8 

1.2 

20 

2,750 

80 

12.0 

0.8 

5,000 

1.1 

11 

1.6 

20 

2,500 

73 

12.0 

0.8 

5.000 

1.0 

10 

1.5 

20 
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INTERNATIONAL  RECOMMENDATIONS 

While  nutrition  requirements  vary  with  body  size,  activity, 
age  and  environmental  temperature,  there  is  no  evidence  that 
race  has  any  effect.  The  setting  up  of  dietary  standards  in  indi¬ 
vidual  countries  has  led  to  some  misunderstanding  and  con¬ 
fusion.  International  agreement  on  a  dietary  standard  would 
help  to  clarify  the  situation  and  would  be  of  great  assistance  to 
persons  endeavoring  to  improve  food  habits  in  various  countries. 
A  most  useful  start  has  been  made  by  the  Eood  and  Agriculture 
Organization  of  the  United  Nations.  In  1950  a  report9  on  calorie 
requirements  was  issued.  This  was  prepared  so  that  it  could  be 
used  in  any  country.  The  method  of  expressing  calorie  require¬ 
ments  given  in  that  report  was  adopted  by  the  United  States 
Food  and  Nutrition  Board  in  its  latest  revision  of  Recommended 
Allowances.  It  is  to  be  hoped  that  other  national  nutrition 
groups  will  follow  this  excellent  example.  A  report  on  protein 
requirements  is  being  prepared  by  the  Food  and  Agriculture 
Organization. 

OMISSIONS  FROM  DIETARY  STANDARDS 

Inspection  of  the  tables  giving  the  Recommended  Allowances 
and  the  Canadian  Dietary  Standard  will  show  certain  omissions. 
While  figures  for  a  suitable  intake  of  protein  are  shown,  there  is 
no  reference  to  the  nutritive  quality  of  protein  in  the  tables. 
Obviously,  protein  quality  cannot  be  neglected  if  a  suitable 
supply  of  essential  amino  acids  is  to  be  obtained.  An  appropriate 
discussion  ol  protein  quality  is  given  in  the  explanation  of  the 

Recommended  Allowances.6  Unfortunately,  this  explanation  may 
not  be  read. 

A  number  of  nutrients  are  not  included  in  the  published 
tables.  These  also  are  discussed  in  the  explanations  accompany¬ 
ing  the  tables.  At  the  present  time  it  is  not  possible  to  estimate 
quantitative  requirements  for  vitamin  Bc,  pantothenic  acid,  and 

several  other  vitamins.  Statements  regarding  other  nutrients 
should  be  noted: 

Fats.  1  he  United  States  Food  and  Nutrition  Board  has  pointed 
out  that  a  sufficient  supply  of  the  essential  fatty  acids  will  likely 
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be  secured  if  fats  furnish  20  per  cent  or  more  of  the  total  calories. 
The  Canadian  Council  on  Nutrition  has  stated  that  it  would 
appear  desirable  to  have  25  per  cent  or  more  of  the  total  calories 
from  fats. 

Water.  Both  the  United  States  Food  and  Nutrition  Board  and 
the  Canadian  Council  on  Nutrition  have  reported  that  a  suitable 
allowance  of  water  is  1  ml.  for  each  calorie  of  food.  This  allow¬ 
ance  would  be  adequate  unless  a  person  were  exposed  to 
abnormal  temperature. 

Phosphorus.  The  Canadian  Dietary  Standard  states  that  the 
figures  for  calcium  should  be  used  for  phosphorus  also.  In  the 
published  Recommended  Allowances  the  following  statement 
appears:  “It  is  safe  to  assume  that  if  the  calcium  and  protein 
needs  are  met  through  common  foods,  the  phosphorus  require¬ 
ment  also  will  be  covered,  because  the  common  foods  richest  in 
calcium  and  protein  are  also  the  best  sources  of  phosphorus. 

Iodine.  It  is  estimated  that  adult  need  for  iodine  is  probably 
0.15  to  0.30  mg.  daily.  The  iodine  need  is  satisfied  by  the  regular 
use  of  iodized  salt. 


USE  AND  MISUSE  OF  DIETARY  STANDARDS 


The  principal  and  indeed  the  only  use  to  which  dietary 
standards  can  be  put  that  is  reliable  is  that  stated  in  the  intro¬ 
duction  to  the  1953  edition  of  the  United  States  Recommended 
Allowances.6  That  use  is  as  a  guide  in  selecting  foods  to  meet 
nutrition  requirements.  A  statement  of  requirements,  as  given  in 
a  dietary  standard,  is  the  only  scientific  basis  for  food  selection, 
either  for  an  individual  or  for  a  group  of  persons,  whether  that 
group  be  a  family  or  the  population  of  a  country.  Under  present 
conditions  the  selection  of  the  dietary  standard  will  depend  upon 
the  nationality,  the  circumstances,  or  the  viewpoint  of  the 


selector.  ,  ,  •  * 

There  are  problems  in  the  use  of  a  dietary  standard  as  a  gui 

for  food  selection  or  for  food  planning.  One  problem  is  the  sel lec¬ 
tion  of  a  suitable  activity  allowance.  There  is  a  real  difficul  y  1 
deciding  whether  an  individual  is  sedentary,  moderately  active 
or  engaged  in  heavy  work.  The  name  applied  to  the  occupation 
may  be  misleading.  A  housewife  who  looks  after  severa  youi  g 
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children,  whose  house  is  not  extensively  equipped  with  labor- 
saving  devices  is  at  least  moderately  active.  Another  housewife, 
having  no  similar  tasks,  may  be  almost  sedentary.  If  both  fol¬ 
lowed  the  same  pattern  of  eating,  the  second  one  would  become 
obese.  A  workman  might  be  called  an  industrial  worker,  but  if 
he  were  seated  at  an  automatic  machine  most  of  the  day,  he 
might  have  no  greater  energy  requirement  than  a  clerk  in  an 
office.  The  amount  of  physical  work  done  in  many  occupations 
has  been  reduced  since  the  classification  of  occupation  to  deter¬ 
mine  energy  needs  was  first  set  up. 

Individual  needs  for  energy  and  for  various  nutrients  show 
wide  variation.  If  we  use  an  average  figure,  we  must  remember 
that  many  persons  (perhaps  about  half  of  a  large  group)  are 
likely  to  have  requirements  below  the  average,  while  require¬ 
ments  for  the  other  half  of  the  group  fall  above  the  average. 
From  the  commonly  used  dietary  standards  it  is  not  possible  to 
select  with  precision  requirements  for  one  individual.  The  Rec¬ 
ommended  Allowances  are  sufficiently  generous  to  cover  the 
needs  of  most  individuals.  For  most  nutrients  no  harm  will  accrue 
from  having  a  moderately  excessive  intake,  except  that  such  an 
intake  constitutes  an  economic  waste.  A  calorie  intake  greater 
than  actual  need,  leading  to  an  increase  in  weight,  is  not  likely 
to  be  desirable. 

The  selection  of  a  dietary  standard,  or  its  application,  may  be 
conditioned  by  supply  and  economic  circumstances.  No  harm 
can  result  and  there  may  be  benefit  from  using  foods  selected  to 
piovide  an  intake  of  70  mg.  of  ascorbic  acid  a  day.  That  is  readily 
possible  if  plentiful  supplies  of  fruit  and  vegetables  are  available 
and  if  people  can  purchase  those  foods.  If  fruit  and  vegetables 
are  scarce  or  if  financial  conditions  make  their  purchase  difficult, 
the  practical  goal  may  be  20  to  30  mg.  of  ascorbic  acid  a  day.  In 
the  United  States  and  Canada  an  intake  of  70  mg.  a  day  of 
protein  may  be  obtainable  easily;  in  most  of  Africa  and  Asia 
such  an  intake  for  most  people  might  be  impossible.  It  would 
be  unwise,  then,  to  adhere  rigidly  to  a  dietary  standard  which 
stipulated  the  greater  amount.  A  set  of  optimal  allowances  is 
practical  and  advisable  in  the  United  States  and  in  Canada. 
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Other  circumstances  may  render  advisable  the  use  of  minimal 
needs  in  planning  food  supplies  or  in  giving  advice  about 
food  use. 

The  major  misuse  of  Recommended  Allowances  or  other 
statements  of  requirements  is  to  employ  these  as  a  criterion  for 
evaluating  the  “adequacy”  of  an  observed  intake.  This  misuse 
has  been  discussed  carefully  by  Wilder10  and  by  Pett.11  In  his 
discussion,  Wilder  selected  an  excellent  example,  the  intake  of 
ascorbic  acid.  A  person  may  keep  an  accurate  record  of  all  food 
eaten  for  a  week.  From  this  record,  using  a  table  of  food  com¬ 
position,  there  is  calculated  the  intake  of  ascorbic  acid.  Suppose 
that  this  intake  is  found  to  average  40  mg.  a  day  and  that  the 
observed  person  is  a  male  adult.  If  the  Recommended  Allowances 
are  used  as  a  standard  of  adequacy  (a  use  advised  against  by  the 
United  States  Food  and  Nutrition  Board),  the  observed  intake 
will  be  judged  to  be  inadequate,  and  it  may  be  assumed  that  a 
deficiency  of  ascorbic  acid  is  present.  However,  there  is  evidence 
that  10  mg.  a  day  will  prevent  any  sign  of  deficiency.  In  Britain 
and  Canada  an  intake  of  30  mg.  is  advised  as  sufficient.  All  of 
these  recommended  amounts  are  estimated  averages,  and  the 
actual  need  of  the  individual  in  question  may  be  quite  different 
from  those  estimates.  Moreover,  no  precision  should  be  attached 
to  a  recommended  amount  because  the  present  lack  of  evidence 
makes  precision  impossible.  The  various  sets  of  nutrient  recom¬ 
mendations  are  the  only  available  bases  for  the  proper  selection 
of  food.  For  that  purpose  they  are  available.  They  should  not  be 
used  as  criteria  of  adequacy. 
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CHAPTER  10 


INTRODUCTION 

A  dietary  standard,  no  matter  which  is  selected  of  those  avail¬ 
able,  has  no  practical  value  until  its  scientific  terms  are  translated 
into  recommendations  regarding  the  selection  of  foods  in  kind 
and  in  quantity  to  meet  the  estimated  needs.  Foods  cannot  be 
so  selected  without  information  about  their  composition  and 
nutritive  value.  The  composition  of  a  particular  food  is  likely 
to  show  appreciable  variation  due  to  the  inconstancy  of  biologic 
material,  to  the  effects  of  soil,  of  plant  variety  and  of  cooking 
or  processing.  It  is  not  possible  to  determine  accurately  the 
nutritive  value  of  a  particular  sample  of  food  before  it  is  eaten. 
Reliance  is  placed  on  published  analytic  results  obtained  from 
a  few  or  many  samples.  The  averages  are  printed  in  tables  of 
food  composition.  These  averages  are  not  to  be  interpreted  as 
precise  but  they  do  have  great  usefulness.  The  calcium  content 
of  milk  may  show  considerable  variation,  but  even  a  sample  of 
milk  at  the  bottom  of  the  range  will  be  an  excellent  source  of 
calcium,  much  more  useful  in  that  respect  than  most  other 
foods.  One  orange  of  a  purchased  dozen  may  have  less  ascorbic 
acid  than  the  other  eleven;  it  will  still  be  an  excellent  source  of 
this  vitamin  in  contrast  with  many  other  foods.  Information 
about  food  composition  is  unlikely  to  be  precise.  It  is  usable  and 
has  important  practical  applications. 

METHODS  FOR  THE  ESTIMATION 
OF  NUTRITIVE  VALUE 

The  energy  value  of  a  food  may  be  determined  by  direct  or 
indirect  calorimetry  or  by  calculation  if  the  percentage  compo- 
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sition  with  respect  to  carbohydrate,  fat  and  protein  is  known. 
These  procedures  were  described  in  Chapter  3. 

The  quantities  of  constituents  in  foods  may  be  determined  by 
several  types  of  procedures.  Chemical  analysis  is  likely  to  be  used 
to  estimate  the  amounts  of  nitrogen  (from  which  the  amount  of 
protein  is  calculated),  fat,  sugar,  all  of  the  nutrient  elements  and 
some  of  the  vitamins.  A  physical  method,  such  as  spectroscopy, 
can  be  used  for  vitamin  A  and  carotene.  Animal  feeding  is  used 
for  vitamin  D  and  for  measurement  of  digestibility.  Microbio¬ 
logic  procedures,  dependent  on  the  effects  of  nutrients  on  the 
rate  of  reproduction  or  on  the  metabolic  processes  of  bacteria, 
may  be  employed  for  the  B  vitamins  and  for  some  of  the  amino 
acids. 

Problems  arising  in  protein  analyses  have  been  discussed  in  a 
report  of  the  Food  and  Agriculture  Organization.1  Reference  was 
made  to  the  practice  of  computing  the  total  protein  by  multi¬ 
plying  the  quantity  of  nitrogen,  measured  by  chemical  analysis, 
by  a  factor.  The  factor  employed  commonly  is  6.25.  This  factor 
is  derived  from  the  assumption  that  all  food  proteins  contain  a 
constant  proportion  of  nitrogen,  namely  16  per  cent.  This 
assumption  is  not  valid.  A  correct  factor  for  computing  the 
amount  of  protein  in  refined  wheat  flour  is  5.70,  not  6.25.  The 
proper  factor  for  milk  protein  is  6.38.  The  use  of  6.25  for  protein 
in  all  foods  leads  to  incorrect  values  for  a  number  of  foods.  The 
determination  of  protein  by  calculation  from  nitrogen  content 
is  further  complicated  by  the  presence  of  significant  amounts  of 
nonprotein  nitrogen  in  some  foods.  Of  such  foods,  several  vege¬ 
tables  seive  as  examples.  Both  asparagus  and  soybean  sprouts 
contain  considerable  amounts  of  nonprotein  nitrogen  (soya 

sprouts  contain  65%  of  the  total  nitrogen  in  nonprotein  com¬ 
pounds). 

A  problem  in  connection  with  carbohydrate  is  that  usually  its 
percentage  is  determined  by  difference  (the  sum  of  protein,  fat, 
ash  and  water  is  subtracted  from  100,  and  the  difference  is  the 
per  cent  of  carbohydrate).  In  some  foods  a  considerable  portion 
of  the  carbohydrate  may  be  present  as  indigestible  cellulose  or 
pentosan.  The  “difference  method”  was  rendered  somewhat  more 
usable  by  determining  the  quantity  of  fiber  and  subtracting  that 
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amount  from  the  carbohydrate  total.  The  best  available  pro¬ 
cedure  is  chemical  analysis  of  separate  carbohydrates  and  the 
totaling  of  the  amounts  of  those  compounds  known  to  be 
digestible. 

Two  methods  have  been  used  for  the  estimation  of  fats:  (1) 
extraction  with  a  solvent  such  as  ethyl  ether;  (2)  saponification 
with  subsequent  determination  of  the  total  quantity  of  fatty 
acids.  Extraction  gives  the  total  amount  of  all  food  constituents 
soluble  in  the  solvent  used,  and  this  may  be  more  than  actual 
fat.  The  saponification  technic  used  commonly  measures  the 
amount  of  fatty  acids  and  of  such  unsaponifiable  material  as 
cholesterol.  In  both  cases  the  amount  of  “fat”  is  greater  than 
should  be  the  case  for  some  foods. 

In  selecting  a  particular  procedure  for  analysis  it  is  wise  to 
use  one  which  has  been  shown  to  be  reliable.  Methods  approved 
by  the  Association  of  Official  Agricultural  Chemists  have  been 
tested  thoroughly  and  are  known  to  be  precise. 


FACTORS  AFFECTING  FOOD  COMPOSITION 
Soil  Composition 

The  relation  of  soil  composition  to  human  nutrition  has  been 
explored  adequately  for  only  one  nutrient,  iodine.  The  geo¬ 
graphic  distribution  of  simple  goiter  was  explained  as  resulting 
from  variations  in  the  amount  of  iodine  in  the  soil  and,  conse¬ 
quently,  in  farm  crops.  Plants  are  entirely  dependent  on  the  sod 
for  all  of  the  nutrient  elements,  of  which  iodine  is  the  best 
studied  example.  Deficiencies  of  phosphorus,  cobalt  and  copper 
in  farm  animals  have  been  traced  to  low  concentrations  ol  those 
elements  in  the  soil  on  which  fodder  has  been  grown.  The  quan¬ 
tity  of  protein  in  plants  may  be  dependent  on  the  amount  ol 
available  nitrogen  in  the  soil.  No  such  relation  has  been  shown 
to  exist  for  vitamins;  the  quantity  of  vitamins  m  plant  tissues 
appears  to  be  entirely  independent  of  soil  composition. 

In  recent  years  there  has  developed  a  cult  which  claims  tha 
the  use  of  chemical  fertilizers  depreciates  the  nutritive  value 
foods  It  is  argued  that  the  proper  soil  treatment  is  with  manure 
compost  and  mulches.  Maynard*  has  examined  the  evidence  for 
the  contention  that  chemical  fertilizers  are  harmful  and  has  c 
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eluded  that  there  is  no  valid,  scientific  evidence  for  the  argument. 
Properly  used  chemical  fertilizers  can  markedly  increase  produc¬ 
tivity  and  are  not  harmful  to  the  nutritive  value  of  crops.  The 
cult  against  chemical  fertilizers  has  been  promoted  by  magazine 
articles,  pamphlets  and  books.  Unfortunately,  the  statements 
have  been  believed  by  many  people. 


Plant  Variety 

The  effect  of  genetic  factors  on  nutritive  value  of  vegetables 
and  fruits  was  reviewed  by  Maynard.3  Considerable  attention  in 
experimental  work  has  been  given  to  the  ascorbic  acid  content 
of  various  varieties  of  tomatoes  and  cabbage.  In  6  varieties  of 
tomatoes,  grown  under  identical  conditions,  the  ascorbic  acid 
content  varied  from  11  to  22  mg.  per  100  Cm.  of  tomato.  Variety 
has  been  shown  to  alter  the  ascorbic  acid  content  of  cabbage, 
potatoes  and  other  vegetables.  An  alteration  with  variety  has 
been  demonstrated  also  for  the  carotene  content  of  sweet  pota¬ 
toes.  The  thiamine  content  of  wheat  is  dependent  on  variety  to  a 
considerable  extent. 

In  selecting  a  particular  variety  a  farmer  is  likely  to  be  con¬ 
cerned  particularly  with  yield  and  marketability.  Obviously,  the 
nutritive  value  is  of  importance  and  worth  consideration.  This  is 
especially  tiue  in  regions  in  which  people  must  live  on  the  crops 
from  small  areas.  This  aspect  has  been  investigated  only  to  a 
limited  extent  and  it  deserves  much  greater  thought  and  work. 
It  should  be  of  concern  to  canners  and  food  processors  in  general 
to  use  starting  material  of  high  nutritive  value. 


Climatic  Conditions 

The  amount  of  sunlight  to  which  tomatoes  are  exposed  during 
ripening  has  definite  effect  on  the  ascorbic  acid  content,  an  effect 
even  greater  than  that  produced  by  variety.  A  good  variety  may 
e  sc  ec ted,  but  the  amount  of  sunlight  cannot  be  controlled. 
The  available  data  regarding  the  effect  of  sunlight  were  examined 
by  Maynard  and  Beeson.-  ft  has  been  demonstrated  that  ex¬ 
posure  to  considerable  sunlight  increases  the  ascorbic  acid  con¬ 
tent  of  tomatoes,  apples  and  grapefruit,  ft  is  not  clear  whether 
h  efta  1S  due  “>  chemical  action  of  the  sunlight  or  to  an 
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increase  in  temperature  with  a  consequent  change  in  tissue 
metabolism.  It  has  been  claimed  that  tomatoes  ripened  in  green¬ 
houses  have  a  low  ascorbic  acid  content.  The  evidence  for  this 
assumption  is  doubtful. 

Storage 

The  excellent  flavor  of  freshly  harvested  vegetables  is  known 
to  everyone  interested  in  the  taste  of  food.  It  is  not  so  well 
known  that  there  can  be  a  deterioration  in  nutritive  value  as 
well  as  in  flavor.  Some  foods  show  no  detectable  change  in  nutri¬ 
tive  value  during  prolonged  storage.  Others  lose  even  in  a  short 
period.  Since  ascorbic  acid  is  the  most  labile  nutrient,  changes  in 
the  content  of  that  vitamin  are  employed  frequently  to  follow 
deterioration  in  nutritive  value.  This  may  give  a  misleading 
impression  with  regard  to  more  stable  nutrients.  Mapson '  sum¬ 
marized  changes  in  fruits  and  vegetables  during  transport  and 
distribution.  In  leafy  vegetables  the  loss  of  ascorbic  acid  during 
short  periods  of  storage  and  in  conditions  that  induced  wilting 
varied  considerably.  Loss  was  large  and  rapid  in  asparagus  and 
spinach,  significant  in  cauliflower  and  broccoli,  and  negligible  in 
cabbage.  In  Toronto  a  loss  of  90  per  cent  of  the  ascorbic  acid  in 
asparagus  was  found  after  24  hours  storage  at  about  70°  F.  If 
vegetables  are  exposed  to  the  sun  or  stored  in  warm  sheds,  greater 
losses  are  found.  The  loss  of  ascorbic  acid  in  peas  is  increased  by 
removal  from  the  pods.  Little  loss  occurs  in  root  vegetables  during 
short  periods  after  harvesting.  Mapson  reported  less  loss  from 
fruits  than  from  vegetables,  except  black  currants.  Loss  of  ascorbic 
acid  is  increased  if  tissues  are  bruised  or  if  cells  are  ruptured  by 
cutting  or  freezing.  Storage  at  room  temperature  did  not  cause 
any  loss  in  thiamine,  riboflavin  or  carotene  from  any  leafy  vege- 
table  except  spinach.  In  general,  nutritive  losses  are  decreased 
bv  storage  in  the  cold.  Prolonged  storage  of  potatoes,  cabbage 
and  turnips  may  cause  significant  losses  in  ascorbic  acd.  The 
losses  are  influenced  by  temperature,  humidity  and  the  mill 
condition  of  the  produce. 

Cooking 

The  cooking  of  most  foods  is  necessary  to  render  them  palat¬ 
able  and  acceptable.  Cooking  is  important  to  a  connoisseur 
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foods,  since  it  confers  a  wide  variety  of  flavors  and  of  appearance. 
To  such  a  person,  cooking  is  an  art.  To  others  it  is  a  necessary 
evil.  To  the  nutritionist  cooking  is  a  matter  of  concern  because 
it  can  alter  nutritive  value  and,  if  done  well,  it  can  induce  people 
to  try  new  foods  and  to  eat  proper  amounts  of  healthful  foods. 
Cooking  decides  whether  a  meal  is  a  happy  experience  or  a  chore 
to  quell  hunger. 

So  far  as  nutritive  value  is  concerned,  cooking  can  cause  an 
improvement  by  making  starch  more  digestible  and  by  improving 
the  digestibility  of  meats.  Two  types  of  losses  can  occur  as  a 
consequence  of  cooking.  If  foods,  e.g.,  vegetables,  are  cooked  in 
water,  water-soluble  nutrient  elements,  B  vitamins  and  ascorbic 
acid  can  be  extracted  from  the  food  and  lost  if  the  cooking  water 
is  discarded.  Increase  in  temperature  increases  the  rate  of  oxida¬ 
tion  and  this  can  bring  about  destruction  of  some  nutrients. 
Ascorbic  acid  is  destroyed  by  oxidation  more  readily  than  any 
other  nutrient.  The  pH  of  the  food  has  a  definite  effect  on  oxida¬ 
tion.  Most  nutrients  are  more  stable  in  an  acid  environment  and 
much  less  stable  in  an  alkaline  one.  This  is  shown  not  only  by 
ascorbic  acid  but  also  by  the  B  vitamins.  Oxidation  may  not 
cease  when  the  cooking  period  is  over  but  is  likely  to  continue  at 
a  considerable  rate  so  long  as  the  food  is  hot.  The  loss  of  ascorbic 
acid  may  be  greater  if  vegetables  are  kept  warm  for  some  time 
between  cooking  and  serving  than  was  experienced  during  actual 
cooking. 

Cabbage  can  serve  as  an  example  of  the  effects  of  cooking  on 
the  nutritive  value.  If  cooked  for  15  minutes  in  a  moderate 
amount  of  water,  there  is  likely  to  be  a  loss  of  25  per  cent  of  the 
oiiginal  ascorbic  acid  into  the  cooking  water  and  an  equal  loss 
by  oxidation.  If  the  cabbage  is  kept  hot  for  30  minutes  after 
cooking  a  further  loss  of  25  to  30  per  cent  may  be  expected.  The 
total  loss  can  be  lessened  by  cooking  for  a  minimal  period  and 
by  prompt  eating.  The  extraction  can  be  lessened  by  leaving  the 
pieces  of  vegetable  as  large  as  possible  and  by  using  the  least 
amount  of  water.  If  cabbage  is  cooked  in  oil  or  fat  in  place  of 
water  and  served  promptly,  the  total  loss  of  ascorbic  acid  will  be 
reduced  to  about  10  per  cent.  0£  course,  the  cooking  loss  can  be 
avoided  by  not  cooking  cabbage  and  by  using  it  raw  in  salad 
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Cooking  can  bring  about  oxidative  destruction  of  B  vitamins, 
particularly  in  foods  like  meat  which  are  not  acid.  During  the 
baking  of  bread  as  much  as  25  per  cent  of  the  dough  thiamine 
may  be  destroyed.  The  toasting  of  bread  causes  a  slight  destruc¬ 
tion  of  thiamine.  Jackson  et  al .6  measured  the  destruction  of  3 
B  vitamins  during  the  cooking  of  pork.  A  few  data  will  be  cited 
as  examples.  The  roasting  of  pork  caused  destruction  of  64  per 
cent  of  the  total  thiamine,  4  per  cent  of  riboflavin  and  22  per 
cent  of  nicotinic  acid.  Fried  meat  had  a  better  retention  of  thia¬ 
mine  than  did  roasted  meat.  The  length  of  the  exposure  to  high 
temperature  had  a  marked  influence  on  destruction  of  the 
vitamins. 

It  is  evident  that  cooking  can,  and  generally  does,  have  a  dele¬ 
terious  effect  on  the  nutritive  value  of  foods,  especially  with 
regard  to  nutrients  which  are  extractable  in  cooking  water  or  are 
easily  oxidized.  However,  cooking  does  have  beneficial  effects  on 
the  digestibility  of  starch.  Raw  starch  may  be  highly  indigestible. 
Cooking  softens  connective  tissues  in  meats  and  improves  chewing 
and  digestion,  particularly  if  meats  are  not  overcooked. 

Frequently,  advice  is  given  about  cooking  procedures  to  lessen 
nutrient  losses.  These  are  often  beneficial  to  appearance  and 
palatability.  Overcooked,  drowned  vegetables,  wilted  on  a  steam 
table  are  unattractive  and  have  lost  excessive  proportions  of 
nutrients.  It  must  be  remembered  constantly  that  the  nutritive 
value  of  a  food  is  of  no  benefit  unless  the  food  is  eaten.  It  is 
advisable  to  have  attractive,  appetizing  meals  which  encourage 
eating.  Cooking  is  an  art  of  great  importance  in  the  practical 
application  of  nutrition. 


Food  Preservation:  Dehydration 

Dehydration  is  the  most  ancient  method  of  preserving  food. 
The  removal  of  water  enables  many  foods  to  be  stored  for  long 
periods  without  spoilage  because  endogenous  enzymes  are  inac¬ 
tive,  and  bacteria  will  not  multiply  on  or  in  the  dried  materia  . 
Initially,  food  was  dried  by  exposure  to  a  fire  or  to  the  sun, 
sun-drying  is  still  used  for  fruit  and  fish  on  a  large-scale,  com¬ 
mercial  basis.  Dehydration  has  another  advantage  in  addition  to 
prevention  of  spoilage:  it  reduces  the  bulk  and  the  weig  it  <> 
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for  shipment.  This  led  to  very  extensive  use  of  dehydrated  foods 
during  World  War  II  with  consequent  interest  in  improvement 
in  processing  and  in  nutritive  value.  T  he  simple  and  old- 
fashioned  method  of  sun-drying  involves  a  prolonged  exposure 
which  causes  destruction  of  most  or  all  of  the  ascorbic  acid  con¬ 
tent  and  a  serious  destruction  of  carotene.  Newer  procedures  use 
high  temperatures  for  short  periods,  possibly  including  the  use 
of  an  inert  atmosphere  such  as  nitrogen  or  carbon  dioxide.  These 
methods  give  a  much  better  retention  of  nutritive  value,  flavor 
and  appearance.  In  the  period  1940  to  1945  it  was  possible  to 
dehydrate  large  quantities  of  various  vegetables,  meats  and  eggs 
with  excellent  flavor  and  appearance  and  with  good  nutritive 
value.  The  dehydration  of  milk  by  either  spray-drying  or  drum¬ 
drying  gives  a  stable  product  (at  least  in  the  case  of  skim  milk) 
with  as  good  nutritive  value  as  in  the  original  milk.  Dry  skim 
milk  is  an  economical  food  which  can  be  stored  and  shipped 
without  deterioration. 


Food  Preservation:  Canning 

Canning  consists  in  partial  sterilization  of  food  by  heat  and 
the  storage  of  the  heat-treated  material  in  containers  which  are 
sealed  to  prevent  the  entrance  of  air  and  micro-organisms.  The 
process  was  originated  by  Nicholas  Appert  in  France  at  the  time 
of  the  Napoleonic  wars.  In  household  and  in  some  commercial 
canning  the  containers  are  glass.  In  most  commercial  canning, 
containers  are  of  steel,  coated  with  tin  to  minimize  corrosion. 
The  tin-plate  is  not  perfect,  and  the  steel  may  be  further  pro¬ 
tected  by  a  thin  layer  of  enamel  on  the  inside  of  the  containers. 

nameled  cans  have  been  advantageous  in  preventing  the  action 
of  food  acids  on  steel,  producing  hydrogen  which  bleaches  some 
natural  pigments,  such  as  the  red  colors  of  beets,  raspberries  and 
strawberries.  Enameling  of  cans  also  prevents  the  formation  of 

black  iron  sulfide  in  canned  foods  containing  considerable  sulfur 
like  corn  or  lobster. 

f  Thefi,rain  StepS  in  the  canni"g  process  are:  preparation  of 

fill-  ’  f  a  mt°  Cam’  Sealmg  ot  cans’  heat  sterilization.  Prior  to 
ling  foods  must  be  cleaned,  and  inedible  material  removed 

c.d  foods,  such  as  tomatoes,  and  most  fruits  can  be  filled  after 
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cleaning  without  further  treatment.  Vegetables  are  “blanched” 
or  precooked.  The  heat  used  in  blanching  inactivates  enzymes 
which  would  have  an  adverse  effect  on  flavor  if  activity  con¬ 
tinued.  Blanching  also  softens  food,  facilitating  filling.  Filling 
may  be  done  by  hand  or  by  machine,  and  either  a  sugar  solution 
or  a  salt  solution  may  be  added  for  fruits  or  for  some  vegetables. 
Sealing  is  a  machine  operation.  The  sealed  containers  are  heated 
for  sterilization  in  either  boiling  water  or  in  steam  under  pres¬ 
sure  in  closed  retorts.  The  temperature  and  the  time  period  of 
the  heat  treatment  are  varied  by  a  number  of  factors.  Under 


most  circumstances  food  is  not  completely  sterilized  to  the  point 
of  killing  all  micro-organisms  but  is  treated  sufficiently  to  ensure 
preservation  without  spoilage.  The  art  of  the  canner  is  the 
balance  of  heat  and  time  of  sterilization  to  pi  event  spoilage 
without  adverse  effects  on  the  food.  Acid  fruits  and  tomatoes  can 
be  sterilized  at  the  temperature  of  boiling  water.  Foods  which 
are  nearly  neutral  or  are  alkaline  (most  vegetables,  meat  and  fish) 
require  higher  temperatures  ranging  from  212°  to  250°  F.  If  the 
containers  contain  considerable  liquid  a  short  period  of  heating 
is  sufficient.  Solidly  packed  foods,  or  those  in  large  cans,  need 
longer  time  to  give  penetration  of  heat  to  the  center  of  the  food. 

Much  has  been  done  to  improve  the  canning  procedure  so  that 
the  final  product  will  have  good  appearance,  taste  and  nutritive 
value.  Some  nutrient  loss  is  inevitable,  but  it  has  been  possible 
to  lessen  the  loss.  Commercial  canners  have  one  marked  advan¬ 
tage  not  possessed  by  many  housewives.  The  initial  product  is 
fresher  and  has  a  higher  nutritive  value  than  is  available  m 
retail  stores.  Peas  are  an  outstanding  example.  This  vegetable  is 
canned  within  a  few  hours  of  harvesting;  peas  in  a  retail  stoie 
may  have  been  picked  several  days  before  sale.  Losses  in  nutritive 
value  during  canning  are  similar  in  type  to  those  incurred  in 
cooking.  Losses  due  to  extraction  are  not  likely  to  be  significant 
unless  die  blanching  is  done  in  hot  water.  Blanching  by  stea 
treatment  gives  insignificant  extraction.  As  in  cooking,  exposu 
mhidi  temperature  can  accelerate  oxidation  of  ascorb.c  acd  and 
of  the  B  vitamins,  l-ticularly  when 

require  high  temperature 
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for  sterilization.  In  the  canning  of  meat  there  can  be  severe 
losses  of  thiamine,  riboflavin  and  nicotinic  acid.  These  losses  can 
be  lessened  by  increasing  the  temperature  and  decreasing  the 
time  of  sterilization.  Losses  of  B  vitamins  from  canned  meat  are 
not  likely  to  be  greater  than  those  caused  by  household  cooking. 
In  general,  it  is  safe  to  say  that  commercially  canned  foods  are 
safe  and  are  definitely  useful  in  supplying  nutrients. 


Food  Preservation:  Freezing 

The  maintenance  of  food  at  low  temperatures  prevents  spoilage 
because  bacterial  growth  and  metabolism  are  inhibited.  Fish  was 
frozen  commercially  as  early  as  1880.  In  recent  years  frozen  foods 
have  become  increasingly  popular  and  much  more  extensive  in 
variety.  The  commercial  freezing  of  meats  began  in  1891,  fruit  in 
1905,  and  vegetables  in  1929.  Precooked  foods  and  meals  are  now 
frozen  and  distributed  for  sale.  The  increased  popularity  of 
frozen  foods  is  due  largely  to  the  saving  of  labor  and  of  time  in 
preparation.  Frozen  fruit  may  be  thawed  and  served  directly. 
Frozen  vegetables  have  been  cleaned  and  waste  eliminated  prior 
to  freezing.  In  some  cases  frozen  foods  may  have  a  “fresher”  taste 
and  appearance.  It  should  be  noted  that  the  safety  of  frozen  foods 
depends  upon  maintenance  in  the  frozen  state  from  initial  proc¬ 
essing  until  immediately  before  use.  No  changes  in  nutritive 
value  have  been  observed  while  foods  are  in  the  frozen  state. 
Fruits,  fish  and  meats  can  be  frozen  without  precooking,  and 
nutritive  loss  from  such  foods  is  negligible  or  slight.  Vegetables 
are  blanched  or  precooked  to  stop  the  action  of  enzymes  which 
otherwise  would  cause  undesirable  changes  in  flavor.  Blanching 
can  cause  a  loss  of  water-soluble  nutrients  by  extraction  and  some 
destruction  of  ascorbic  acid.  It  is  generally  thought  advisable  to 
reeze  foods  as  quickly  as  possible.  Freezing  may  be  done  by 
immersion  in  cold  brine  or  in  cold  sugar  syrup  or  indirectly  by 
p  acing  packaged  food  in  an  environment  below  0°  F.  Some  foods 
will  not  give  a  satisfactory  frozen  product,  e.g.,  tomatoes.  The 
nutritive  value  of  most  commercially  frozen  food  is  high  and  may 
be  better  than  that  of  “fresh”  vegetables  and  fruit  on  retail  sale 
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Other  Aspects  of  Food  Processing 
The  commercial  preparation  of  cereal  grains  for  human  con¬ 
sumption  generally  involves  the  discard  of  portions  having  con¬ 
siderable  nutritive  value.  Those  portions  may  not  be  wasted 
but  used  in  poultry  and  livestock  feeds.  Eventually,  part  of  the 
discarded  nutrients  reach  humans.  The  nutritive  losses  in  the 
production  of  white  flour  from  wheat  and  in  the  preparation  of 
white  rice  were  discussed  in  Chapter  8.  In  both  cases  the  final 
products  have  a  low  content  of  nutrient  elements  and  B  vitamins. 
The  modern  tendency  has  been  to  continue  the  use  of  the  white 
products  “enriched’’  by  the  addition  of  some  of  the  nutrients 
which  had  been  decreased  in  amount  by  processing.  The  addition 
of  nutrients  to  foods  has  been  a  matter  of  discussion.  The  incor¬ 
poration  of  vitamin  D  into  milk  is  widely  regarded  as  suitable. 
Nelson7  has  described  the  policy  of  the  United  States  Food  and 
Drug  Administration  as  “intended  to  limit  the  addition  of  spe¬ 
cific  nutritive  ingredients  such  as  vitamins  and  minerals  to  stand¬ 
ardized  foods  to  those  instances  where  there  is  convincing  nutri¬ 
tional  evidence  that  the  added  nutrients  will  provide  substantial 


benefits  to  significant  segments  of  the  population.  A  bother 
statement  regarding  enrichment  is  of  interest.  “The  addition  to 
foods  of  specific  nutrients  already  adequately  supplied  by  unfor¬ 
tified  common  foods  is  not  only  wasteful  but  tends  to  confuse 
consumers  as  to  their  nutritional  needs  and  the  nutritional  prop¬ 
erties  of  our  food  supply.” 

The  introduction  of  new  chemicals  into  foods  unintentionally 
(as  in  the  case  of  spray  residues)  or  intentionally  to  modify  or 
introduce  a  new  physical  property  or  to  intensify  or  add  flavor 
has  posed  many  problems.  Vorhes  and  Lehman  have  reported 
that  25,000  new  chemicals  have  been  proposed  for  use  in  oods 
between  1940  and  1956.  Of  the  25,000  chemicals  150  were  placed 
in  use  without  testing  for  safety,  100  were  found  to  be  safe 
within  defined  limits,  and  150  were  judged  to  be  harmless^Com- 
mercial  use  of  the  last  two  groups  has  been  permuted.  Of 
-5  00(1  suggested  chemicals,  24,600  were  forbidden  because  o 
toxicity  This  valuable  service  was  performed  by  the  Food  am 
Drug  Administration.  These  chemicals  had  been  suggested  o 
‘•improve"  foods  with  regard  to  preservation,  color  and  taste,  to 
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keep  food  moist,  or  some  other  purpose.  In  recent  years  several 
chemicals  which  had  been  in  use  for  a  long  time  and  never  had 
been  adequately  tested  have  been  found  to  be  harmful.  One  such 
chemical  is  nitrogen  tribromide  used  for  bleaching  flour.  This 
was  shown  to  be  toxic  for  experimental  animals,  and  its  use  has 
been  discouraged.  Some  of  the  added  chemicals  have  been  found 
to  give  an  unexpected  benefit.  In  commercial  baking  it  is  custom¬ 
ary  to  use  a  “yeast  food”  to  accelerate  the  action  of  yeast  in 
fermenting  dough.  One  such  preparation  is  high  in  calcium  and 
causes  an  increase  in  the  quantity  of  that  nutrient  in  the  pro¬ 
duced  bread. 


TABLES  OF  FOOD  COMPOSITION 


Information  about  the  nutritive  value  of  foods  is  assembled  for 
practical  use  in  a  table  of  food  composition.  A  considerable 
number  of  such  tables  have  been  published.  Early  tables  were 
the  work  of  individuals  and  they  were  published  in  texts  on 
nutrition  or  separately.  Acceptance  of  a  table  as  being  reliable 
depended  on  the  reputation  of  the  author.  Several  tables,  assem¬ 
bled  by  widely  known  nutritionists,  were  used  extensively.  In 
recent  years,  tables  ol  food  composition  have  been  prepared  by 
government  departments  or  by  official  bodies.  These  have  largely 
superseded  tables  published  by  individuals. 


There  are  a  number  of  problems  in  preparing  a  table  of  food 

composition.  A  major  problem  is  a  limitation  in  the  number  of 

analyses  which  have  been  made  on  a  particular  food,  coupled 

with  the  variation  in  composition  of  that  food.  If  we  purchase  a 

dozen  oranges  and  determine  the  ascorbic  acid  content  of  each 

orange,  we  will  find  a  variation  of  possibly  50  per  cent  among  the 

oianges.  There  may  be  reported  the  arithmetic  mean  of  the 

-  oranges,  as  the  average  ascorbic  acid  content  of  all  oranges 

'‘To?  ^  remembered  that  the  mean  ascorbic  acid  content  of 

one  lot  ol  12  oranges  may  be  different  from  that  of  another  lot 

The  ascorbic  acid  ,s  likely  to  vary  from  one  variety  of  oranges  to 

another  and  is  likely  also  to  be  dependent  on  he  amount  of 

exposure  to  the  sun.  A  mean  ascorbic  acid  value  applicable  m 

all  oranges,  could  be  obtained  only  if  a  irreai  Pl  ,  ?  “ 

bem  ,  iii  '  11  a  Sreat  many  analyses  had 

been  done.  It  would  be  necessary  to  know  the  precision  of  the 
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analyses  before  dependence  could  be  placed  on  the  data.  Even 
if  there  was  available  a  reliable  mean  value  for  the  ascorbic  acid 
content  of  oranges,  the  amount  present  in  a  particular  orange, 
selected  for  eating,  probably  would  be  quite  different  from  the 
average  figure. 

The  number  of  analyses  which  have  been  done  on  many  foods 
is  not  sufficiently  great  to  permit  an  estimation  of  a  truly  reliable 
average.  A  scientifically  proper  method  for  presenting  informa¬ 
tion  on  food  composition  would  be  to  report  the  number  of 
analyses,  the  range  of  values,  and  the  mean  of  that  range.  An 
alternative  would  be  to  give  the  mean  and  its  standard  eiror.  The 
inclusion  of  such  information  would  make  a  table  of  food  com¬ 


position  bulky,  unwieldy  and  difficult  to  use  in  practice.  The 
practical  expedient  is  the  publication  of  only  the  mean. 

The  use  of  the  mean  gives  information  of  some  practical  value 
and  is  satisfactory  if  the  limitations  are  remembered.  There  may 
be  considerable  variation  in  the  ascorbic  acid  content  of  oranges, 
but  even  an  orange  with  a  value  that  is  low  for  oranges  is  an  ex¬ 
cellent  source  of  the  vitamin.  The  ascorbic  acid  content  shown 
in  a  table  of  food  composition  enables  us  to  select  oranges  as  a 
dependable  source  of  the  vitamin,  and  we  can  state  that  a  person 
who  eats  an  orange  a  day  will  obtain  sufficient  of  the  vitamin  to 
more  than  satisfy  minimal  need.  If,  however,  we  employ  a  table 
of  food  composition  to  calculate  the  ascorbic  acid  intake  of  an 
individual  from  a  record  of  his  food  consumption,  it  is  essential 
to  remember  that  the  calculated  intake  is  not  a  precise,  vali 
figure  for  the  actual  intake.  A  table  of  food  composition,  like  a 
dietary  standard,  can  be  used  as  a  guide  in  selecting  foods  to  meet 
nutrition  requirements.  When  the  table  is  used  to  calculate  t  e 
amounts  of  nutrients  ingested,  the  figures  are  approximate  esti- 


111  TfunheTcomplication  in  the  precision  of  information  is  that 
the  data  in  a  particular  table  may  be  for  raw  food. i  as  purch ,ase  „ 
Manv  foods  are  cooked,  and  the  composition  of  the  food  ->s  “te 
fs  likely  “o  be  different  from  that  of  the  food  as  purchased.  Cook- 

is  likely  to  vary  from  one  household  to  another,  tven 
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gives  values  for  cooked  foods,  those  figures  may  not  truly  repre¬ 
sent  the  nutrient  value  of  a  particular  lot  of  cooked  food.  In  this 
case,  also,  we  are  dealing  with  approximations  and  not  precise 
values. 

Different  arrangements  are  used  in  presenting  information  on 
food  composition.  Data  may  be  given  on  a  percentage  basis,  or 
nearly  so.  The  calorie  value  and  the  quantities  of  various  nutri¬ 
ents  in  100  Gm.  of  a  food  may  be  listed.  In  the  case  of  calories, 
there  may  be  shown  the  weights  of  portions  required  to  furnish 
100  calories;  the  portions  are  called  “100-calorie  portions.”  A 
more  convenient  method  is  to  report  the  calorie  values  and  quan¬ 
tities  of  nutrients  for  “average  servings.”  There  is  variation,  of 
course,  in  the  sizes  of  individual  servings.  A  considerable  amount 
of  work  has  been  done  on  determining  the  quantity  of  food  in 
average  servings,  and  there  is  more  uniformity  than  might  be 
anticipated.  Since  the  data  on  food  composition  are  only  esti¬ 
mates,  expressions  in  terms  of  average  servings  are  sufficiently 
good  for  practical  use  and  are  very  convenient. 

A  number  of  national  tables  of  food  composition  have  been 
published,  and  international  ones  are  available  also.  On  the  basis 
of  actual  food  composition  there  is  small  need  for  national  tables. 
Little  vaiiation  in  food  composition  has  been  found  in  different 
countries.  National  tables  do  have  value  in  listing  foods  used  in 
a  particular  country.  A  table  for  use  in  the  United  States  lists 
some  foods  which  are  not  used  in  Canada  and  may  not  be  avail¬ 
able  in  Canada.  Foods  used  frequently  in  Mexico  are  “foreign” 
to  inhabitants  of  other  countries,  and  a  Mexican  table  of  food 
composition  lists  those  foods. 


The  better-known  and  most-used  tables  of  food  composition 
are  listed  below  with  comments  regarding  them.  The  list  is  not 
complete  but  should  be  helpful  in  selecting  a  table  for  use. 

Composition  of  Foods,  Washington,  United  States  Department 
of  Agriculture,  Agriculture  Handbook  No.  8,  1950. 

This  complete  table  gives  the  composition  of  raw  processed 
and  cooked  foods.  Actually,  there  are  3  tables:  (1)  exposition 
of  foods  for  100-Gm.  edible  portion;  (2)  composition  Tf  foods 
per  pound  as  purchased;  (3)  composition  of  food  in  terms  of 
common  household  units  or  servings.  This  third  table  is  particu- 


248 


The  Nutritive  Value  of  Foods 


larly  practical  and  is  given  in  the  Appendix  as  Table  22.  Data 
were  compiled  with  great  care  by  members  of  the  staff  of  the 
Bureau  of  Human  Nutrition  and  Home  Economics. 

Table  of  Food  Values  Recommended  for  Use  in  Canada,  pre¬ 
pared  by  the  Nutrition  Division  of  the  Department  of  National 
Health  and  Welfare,  ed.  2,  Ottawa,  1951.  This  table  is  based  on 
the  United  States  table  listed  above.  Data  for  Canadian  foods, 
not  listed  in  the  United  States  table,  were  included.  Foods  listed 
in  the  United  States  table  and  not  in  common  use  in  Canada 
were  omitted.  For  most  foods,  composition  is  shown  per  100  Gm., 
per  pound  and  for  1  oz.  Also,  the  weights  of  average  servings  aie 
given. 

International  Tables.  The  Food  and  Agriculture  Organization 
has  published  two  tables  of  food  values: 

Food  Composition  Tables,  Washington,  FAO  Nutrition  Stud¬ 
ies,  No.  3,  1949.  This  publication  includes  calorie  values  and 

quantities  of  carbohydrate,  fat  and  protein. 

Food  Composition  Tables — Minerals  and  J  itamins,  FAO  Nu 
tritional  Studies,  No.  11,  Rowe,  1954.  As  the  title  indicates,  this 
booklet  gives  the  values  for  the  nutrient  elements  and  for 


vitamins.  . 

Composition  of  Foods  Used  in  Far  Eastern  Countries,  Was  1- 

ington,  United  States  Department  of  Agriculture,  Agriculture 
Handbook  No.  34,  1952.  This  table  gives  data  on  refuse,  calorie 
value,  carbohydrate,  fat,  protein,  three  nutrient  elements  and 
five  vitamins  in  foods  commonly  used  in  Far  Eastern  Countries. 
It  was  prepared  by  members  of  the  staff  of  the  Bureau  of  Human 

Nutrition  and  Home  Economics. 

The  Chemical  Composition  of  Foods,  Medical  Research  Coun¬ 
cil  Special  Report  Series  235,  ed.  2,  London,  Her  Majesty  s  Scat. 
Off  1946.  This  table  was  prepared  by  R.  A.  McCance  an  .  . 

Widdowson  and  is  especially  usable  in  Great  Bnta.m  The  au¬ 
thors  are  internationally  known  nutritionists  of  wide  exper.enc  . 
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CHAPTER  11 


The  Choice  of  Foods 


INTRODUCTION 

The  primary  purpose  of  studying  nutrient  requirements  and 
of  summarizing  them  in  Recommended  Allowances  or  in  a  die¬ 
tary  standard,  together  with  the  assembling  of  information  on 
food  composition,  is  to  make  possible  the  selection  of  foods  in 
kind  and  in  quantity  to  meet  nutrition  requirements.  Consump¬ 
tion  of  food  on  this  basis  ensures  the  maintenance  of  health  in 
so  far  as  that  can  be  done  by  nutrition. 

It  is  possible  to  meet  nutrition  requirements  by  the  use  of  a 
very  simple  selection  of  foods.  To  cite  an  example:  a  combination 
of  whole  wheat  and  milk  in  suitable  proportions  has  been  shown1 
to  nourish  rats  satisfactorily  to  give  normal  growth  and  reproduc¬ 
tion.  This  mixture  does  not  contain  ascorbic  acid,  and  a  source 
of  this  nutrient  must  be  added  for  species  which  require  an  exog¬ 
enous  supply.  A  mixture  of  whole  wheat  and  milk,  supple¬ 
mented  with  an  orange,  will  meet  nutrient  requirements  ol 
humans.  If  we  take  from  Recommended  Allowances  the  estimatec 
needs  of  a  moderately  active  woman  of  45  years  of  age,  we  shall 
find  that  the  needs  are  met  reasonably  well  by  the  consumption 
each  day  of  9  shredded  wheat  biscuits,  U/2  quarts  of  milk,  and  a 
medium-sized  orange.  The  data  are  shown  in  Table  17.  It  wi 
be  noted  that  the  energy  value  of  about  2,000  calories  is  s hghtly 
less  than  the  Recommended  Allowance  for  the  person  selected 
Amounts  of  nutrients  provided  are  greater  than  est.mated  need 
except  for  vitamin  A  and  iron.  The  amount  of  non  ,s  suffictently 
close  It  may  seem  that  the  vitamin  A  intake  would  be  low.  A 
considerable  portion  of  the  vitamin  A  potency  of  milk  is  due  to 
the  presence  of  preformed  vitamin;  hence,  a  sma 
satisfactory. 
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While  it  might  be  concluded  that  this  simple  choice  of  foods 
would  meet  nutrition  requirements,  the  daily  use  of  these  three 
foods  would  have  practical  difficulties.  Repeated  use  of  the  same 
foods  would  give  uninteresting  and  monotonous  meals,  distaste¬ 
ful  to  most  people.  These  foods  would  be  available  readily  in  the 
United  States  and  Canada.  In  other  countries  none  of  the  3  foods 
might  be  available  for  purchase.  Rice-eating  people  would  find 
shredded  wheat  definitely  distasteful.  While  nutritive  value  is 
the  basis  which  should  be  used  in  food  selection,  other  factors 
must  be  considered.  Food  must  be  available  and  it  must  be  ac¬ 
ceptable.  It  must  enable  the  provision  of  meals  which  people 
will  eat.  The  use  of  food  is  influenced  by  religious  practices, 
racial  or  family  custom  and  other  factors,  d  hese  should  not  be 
ignored  when  food  is  selected  to  meet  nutrition  needs.  Economic 
circumstances  often  must  be  considered  in  food  selection. 

A  simple  example  of  the  choice  of  food  can  be  found  in  select¬ 
ing  foods  to  meet  the  need  for  calcium.  In  the  United  States  and 
*  Canada  people  will  be  advised  to  use  milk  to  obtain  calcium 
(and,  of  course,  other  nutrients) .  The  kind  of  milk  used  may 
depend  on  circumstances.  Occasionally,  goat’s  mdk  may  be  pre¬ 
ferred.  When  cost  must  be  considered,  skim  milk  powder  will  be 
recommended.  Under  other  conditions,  the  advised  type  of  mdk 
may  be  fresh  whole  milk  or  fresh  skim  milk.  It  may  be  more 
economical,  more  convenient  and  to  some  people  more  accept¬ 
able  to  use  cheese  to  provide  calcium.  In  Mexico,  mdk  may  not 
be  available,  and  tortillas  may  be  relied  on.  In  India,  buffa  o 

milk  might  be  more  available. 

One  of  the  practical  tasks  of  nutritionists  is  to  provide  advice 
regarding  food  use.  Because  different  foods  are  available  and 
commonly  used  in  various  areas,  advice  regarding  the  selection 
of  foods  cannot  be  the  same  in  different  countries.  Moreover,  the 
advice  must  take  into  consideration  such  influences  as  religious 
practices  and  long-established  customs. 

FOOD  SELECTION  IN  THE  UNITED  STATES 

The  advice  for  food  selection  to  meet  requirements  used  gen- 
endly  in  the  united  States  is  that  described  as  "the  baste  7  food 
groups.”  This  advice  is  summarized  as  follows. 
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Group  1:  Green  Leafy  and  Yellow  Vegetables 

Recommended  amount-at  least  1  serving  a  day 
Typical  foods— broccoli,  brussels  sprouts,  chard,  spinach,  carrots, 
sweet  potatoes,  turnips,  squash 

Group  2:  Citrus  Fruits,  Tomatoes,  Raw  Cabbage 

Recommended  amount-at  least  1  serving  a  day 
Typical  foods— oranges,  orange  juice,  grapefruit,  grapefruit  juice, 
tomatoes,  tomato  juice,  raw  cabbage 

Group  3:  Potatoes,  Other  Vegetables,  Other  Fruits 

Recommended  amount— at  least  2  servings  a  day 
Typical  foods— potatoes,  beets,  cauliflower,  lima  beans,  onions, 
parsnips,  waxbeans,  apples,  bananas,  berries,  cherries, 
peaches,  pears,  pineapple,  apricots,  prunes 

Group  4:  Dairy  Foods 

Recommended  amount— 3  to  4  cups  of  milk  a  day  for  children; 
at  least  2  cups  a  clay  for  adults 

Typical  foods— fresh  or  reconstituted  whole,  skim  or  evaporated 
milk;  cheese;  ice  cream 

Group  5:  Meats 

Recommended  amount— at  least  2  servings  a  day 
T  ypical  foods— any  kind  of  meat,  poultry,  fish,  eggs,  dried  peas 
or  beans 

Group  6:  Bread  and  Cereals 

Recommended  amount— daily 

Typical  foods— whole  grain  or  enriched  breakfast  cereals,  bread, 
macaroni,  spaghetti,  noodles,  rice 

Group  7:  Butter  and  Margarine. 

Recommended  amount— daily 
1  ypical  foods— butter,  margarine  (fortified) 

This  list  of  recommended  items  was  composed  to  educate  peo¬ 
ple  to  select  and  use  foods  to  meet  nutritional  requirements  as 
stated  in  the  Recommended  Allowances.  The  various  groups  of 
food  were  recommended  for  the  following  reasons,  which  can  be 
veiified  from  a  table  of  food  composition: 

1.  Left  to  their  own  devices,  normal  people  will  eat  sufficient 
food  to  meet  energy  requirements.  It  is  not  necessary  to  recom¬ 
mend  food  to  supply  calories.  The  Basic  Seven  advice,  as  shown 
above  does  not  recommend  sufficient  food  for  energy  purposes. 
For  this  reason,  generally  there  is  added  a  suggestion  to  use  also 
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honey,  jam,  etc.,  to  bring  up  the  energy  value  to  the  required 
amount. 

2.  On  a  free-choice  basis,  people  who  are  not  interested  in  se¬ 
lecting  nutritive  foods  tend  to  neglect  those  foods  which  are 
excellent  sources  of  nutrient  elements  and  vitamins  (the  “pro¬ 
tective”  foods)  .  Consequently,  the  Basic  Seven  advice  places  em¬ 
phasis  on  such  foods.  Much  the  same  principle  was  contained  in 
an  older  set  of  advice  in  which  people  were  urged  to  spend  as 
much  for  milk  as  for  meat,  and  as  much  for  fruits  and  vegetables 
as  for  meat.  Persons  following  the  Basic  Seven  advice  will  have 
adequate  intakes  of  nutrient  elements  and  of  vitamins.  Sufficient 
calcium  is  ensured  by  the  fourth  recommendation,  regarding 
milk.  Milk  also  supplies  riboflavin  and  protein.  Iron  is  furnished 
by  fruits  and  vegetables  (recommendations  1,  2,  3) ,  by  meat  and 
eggs  (recommendation  5) ,  and  by  cereals  (recommendation  6) . 
Vitamin  A,  in  the  form  of  carotene,  is  supplied  cheaply  and 
abundantly  by  green-leaf  and  yellow  vegetables  (recommen¬ 
dation  1) .  Thiamine  and  niacin  are  furnished  by  meat,  eggs, 
cereals  (recommendations  5  and  6) .  It  should  be  noted  that 
none  of  these  recommendations  ensures  supplies  of  iodine  and 
vitamin  D.  Iodized  salt  will  provide  all  of  the  needed  iodine. 
Children,  adolescents  and  expectant  mothers  should  have  a 
source  of  vitamin  D. 

FOOD  SELECTION  IN  CANADA 

Most  of  the  foods  listed  in  the  Basic  Seven  are  generally  avail¬ 
able  in  Canada  and  are  in  common  use  by  Canadians.  1  he  Basic 
Seven  advice  could  be  used  in  Canada  without  difficulty  wit 
regard  to  availability.  However,  the  Canadian  Council  on  Nutri¬ 
tion  prepared  during  World  War  II  a  distinctive  set  of  adv.ce, 

called  Canada’s  Food  Rules: 

Canada’s  Food  Rules 

These  foods  are  good  to  eat. 

Eat  them  every  day  for  health. 

Have  at  least  3  meals  each  day. 

Milk.  Children  (up  to  about  12  years):  at  least  1  pint 
Adolescents:  at  least  U/2  pints 
Adults:  at  least  i/2  pint 
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Fruit.  One  serving  of  citrus  fruit  or  tomatoes  or  their  juices,  and 
one  serving  of  other  fruit 

Vegetables.  At  least  one  serving  of  potatoes;  and  at  least  two  servings 
of  other  vegetables,  preferably  leafy  green  or  yellow,  and  frequently  raw 
Cereals  and  Bread.  One  serving  of  whole  grain  cereal,  and  at  least 
four  slices  of  bread  (with  butter  or  fortified  margarine) 

Meat  and  Fish.  One  serving  of  meat,  fish,  poultry  or  meat  alternates 
such  as  dried  beans,  eggs,  and  cheese 
Use  liver  frequently. 

In  addition:  Eggs  and  cheese  at  least  3  times  a  week,  each 
Vitamin  D.  At  least  400  International  Units  daily  for  all  growing 
persons  and  expectant  and  nursing  mothers. 


In  the  original  form,  Canada’s  Food  Rules  advised  the  daily 
use  of  iodized  salt.  This  was  deleted  when  the  iodization  of  all 
table  salt  sold  in  Canada  was  made  obligatory. 

The  intent  in  the  preparation  of  Canada’s  Food  Rules  was 
similar  to  that  underlying  the  Basic  Seven,  to  ensure,  if  the  ad¬ 
vice  were  followed,  an  adequate  intake  of  protein,  nutrient  ele¬ 
ments  and  vitamins.  Neither  set  of  advice  recommends  sufficient 
food  to  meet  energy  requirements.  It  is  useful  to  consider  the 
quantities  of  calories  and  of  nutrients  which  would  be  furnished 
by  foods  recommended.  Calculation  of  these  values  for  the  foods 


recommended  in  Canada’s  Food  Rules 
gives  the  following: 

Calories 
Protein 
Calcium 
Iron 

Vitamin  A 
Thiamine 
Riboflavin 
Nicotinic  Acid 
Ascorbic  Acid 


in  quantities  for  adults, 


1,700 
65  Gm. 

0.7  Gm. 

1 2  mg. 

9,000  Int.  Units 

1 .2  mg. 

1.6  mg. 

16  mg. 

1 10  mg. 


For  this  calculation,  cabbage  was  used  as  the  green  vegetable, 
and  carrots  as  the  yellow  one.  The  selected  fruit,  other  than 
oranges,  was  peaches.  The  values  for  vitamin  A  and  ascorbic  acid 
will  vary  appreciably,  depending  on  which  vegetables  and  fruits 
are  chosen.  In  any  event,  the  advised  selection  ensures  adequate 
intakes  of  protein  (including  sufficient  complete  protein) ,  nutri- 
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ent  elements  and  vitamins.  The  total  calorie  value  is  less  than 
would  be  needed  by  most  adults.  The  energy  value  can  be  easily 
increased  by  extra  foods,  not  included  in  the  list,  which  are  likely 
to  be  used.  For  example,  the  inclusion  of  a  piece  of  plain  cake 
and  an  average  portion  of  apple  pie  will  raise  the  calorie  value 
from  1,700  to  2,150. 

The  low  calorie  value  of  the  set  of  foods  in  the  Basic  Seven  or 
of  that  in  Canada’s  Food  Rules  is  not  always  appreciated.  Fre¬ 
quently,  the  attitude  of  an  uninformed  person  who  is  confronted 
with  this  type  of  advice  is  that  “he  couldn  t  possibly  eat  all  that 
food.”  Actually,  the  calorie  value  of  the  advised  list  of  foods  is 
likely  much  less  than  that  which  he  is  using  at  present.  The  ad¬ 
vised  list  constitutes  an  excellent  reducing  diet  for  most  people, 
much  better  nutritionally  than  fad  diets  which  come  and  go. 


FLEXIBILITY  IN  FOOD  CHOICE 

Nutrition  requirements  can  be  satisfied  by  a  wide  variety  of 
foods.  The  safest  arrangement  is  to  use  a  considerable  assortment 
and  not  to  restrict  food  habits  to  a  narrow  group.  Meals  are 
much  more  interesting  if  we  expand  our  choice.  This  seems  to 
be  difficult  for  many  people,  and  the  use  of  food  is  confined  to  a 

few  to  which  the  people  are  accustomed. 

Unfortunately,  advice  given  by  nutritionists  can  be  rigid  and 
lack  the  flexibility  that  is  essential,  if  the  advice  is  to  be  practical. 
If  a  set  of  advice  is  printed,  particularly  by  a  government  agency 
frequently  it  is  used  by  nutritionists  as  a  r.g.d  set  of  rule  wn 
regard  to  availability,  economic  circumstances  or  othe  fac.ojs 
which  influence  food  choice  by  families  and  individuals.  If  we 
think  of  oranges  as  the  source  of  ascorbic  acid  and  (  ..nsaincn  ' 

we  may  decide  that  the  food  ^ 
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ordinances  with  regard  to  food.  In  most  or  all  cases,  foods  can  be 
selected  to  comply  with  the  ordinances  and  still  ensure  the  meet¬ 
ing  of  nutritional  requirements.  The  two  sets  of  advice  recom¬ 
mend  the  daily  use  of  meat,  fish,  fowl  or  meat  alternates.  They 
do  not  stipulate  the  daily  use  of  meat,  nor  do  they  advise  the 
daily  use  of  pork.  Both  would  conflict  with  religious  ordinances, 
and  the  conflict  would  be  entirely  unnecessary  from  the  view¬ 
point  of  nutrition.  An  orthodox  Jew,  following  religious  tenets, 
cannot  eat  pork.  He  can  obtain  nutrient  requirements  without 
doing  so.  Both  the  American  and  the  Canadian  sets  of  advice 
can  be  adapted  for  a  vegetarian  to  give  adequate  nutrition,  pro¬ 
vided  that  milk,  cheese  and  eggs  are  eaten. 

Another  example  of  rigidity  in  advice  about  food  selection  can 
be  furnished  by  enthusiasts  for  whole-wheat  bread.  No  one  would 
gainsay  that  whole-wheat  bread  is  a  nutritious  food.  It  is  not  an 
essential  one.  Families  in  the  maritime  provinces  of  Canada  fre¬ 
quently  use  home-made  oatmeal  bread.  T  his  bread  has  an  excel¬ 
lent  nutritive  value  and  a  good  flavor.  It  is  neither  necessary  nor 
advisable  tor  a  nutritionist  to  tell  a  family  that  whole-wheat 
bread  be  used  in  place  of  the  oatmeal  variety.  A  family  of  cen¬ 
tral  European  origin  may  be  accustomed  to  rye  bread.  Provided 
that  the  family  eats  generous  amounts  of  meat,  milk  and  eggs, 
the  nutritive  value  of  the  bread  is  unimportant.  Neither  the  Basic 
Se\en  nor  Canada’s  Food  Rules  stipulate  one  variety  of  bread. 
The  kind  which  is  selected  is  likely  to  vary  from  area  to  area 
and  from  family  to  family.  Such  flexibility  does  not  prevent  the 
meeting  of  nutritional  needs.  Food  selections  should  not  be  con¬ 
demned  because  some  foods  are  unfamiliar  to  the  nutritionist. 
The  only  satisfactory  method  of  assessing  food  selections,  and 
food  habits,  is  to  determine  whether  or  not  the  ingested  food 
satisfies  nutrition  requirements. 
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CHAPTER  12 


INTRODUCTION 


Alterations  from  normal  food  habits  are  advisable  during 
pregnancy  and  lactation  and  are  essential  for  the  treatment  of  a 
variety  of  diseases.  Any  special  diet  should  be  a  modification  of 
normal  nutrition,  and  it  is  imperative  that  it  be  acceptable.  Care¬ 
ful  education  of  the  person  concerned  can  decide  whether  the 
special  diet  actually  will  be  used.  Prescription  of  a  special  diet 
without  education  will  not  guarantee  that  the  prescription  will 
be  followed.  A  special  diet  may  be  devised  to  supply  certain 
amounts  of  particular  nutrients.  Refusal  to  eat  some  of  the  foods 
may  give  an  intake  with  a  composition  quite  different  from  that 
intended.  Education  should  include  a  simple  and  clear  explana¬ 
tion  of  the  purpose  for  which  the  diet  has  been  planned.  In  this 
way  the  patient  can  understand  that  his  own  best  interest  will  be 
served  by  following  carefully  the  diet  plan.  The  same  explana- 
tion  should  be  available  to  and  used  by  attending  nurses  and  3y 
the  patient’s  family,  particularly  when  the  patient  is  at  home. 

Normal  food  recommendations  are  altered  into  special  diets  or 


two  main  reasons:  . 

1.  To  meet  alterations  in  nutrition  requirements.  *s  1S  . 
illustrated  by  altered  need  for  calcium  (and  othei  nutrients)  in 
pregnancy.  In  the  case  of  pregnancy  the  needs  of  the  fetus  and 
alterations  in  maternal  metabolism  augment  requtrements  for 
several  nutrients.  Several  diseases  may  not  actually  alter  require 
ments  but  may  make  changes  in  the  intake  of  particular  nutrients 
essential.  In  diabetes  it  may  be  advisable  to  alter  the  Prop°™°™ 
of  carbohydrate  and  fat,  such  alterations  depent  mg : 
judgment  of  the  physician.  A  restriction  in  sal.  may  be  advis  b. 
in  the  treatment  of  hypertension  or  of  nephritis.  The  gy 
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value  of  the  diet  may  be  altered  to  reduce  or  to  increase  body 
weight. 

2.  Changes  in  the  physical  characteristics  of  the  diet  may  be 
advisable.  This  generally  means  a  change  to  a  liquid  or  soft  diet, 
or  to  one  which  is  bland  and  nonirritating.  In  diseases  of  the 
gastro-intestinal  tract,  such  as  gastritis,  peptic  ulcer,  or  duodenal 
ulcer,  there  is  likely  to  be  need  for  a  restriction  in  foods  which 
irritate  the  tract. 

Many  special  diets  have  been  proposed  and  used.  In  the  treat¬ 
ment  of  diseases,  a  special  diet  may  become  fashionable  and  may 
be  used  extensively  without  good  evidence  that  it  is  beneficial. 
A  special  diet,  if  it  does  not  meet  nutrition  requirements,  may  be 
harmful.  A  special  diet  may  be  used  because  of  idiosyncrasy  on 
the  part  of  the  physician  who  may  lack  adequate  knowledge  of 
nutrition.  A  particular  diet,  including  a  special  product,  may  be 
promoted  by  the  manufacturer  of  the  product.  The  lack  of  ne¬ 
cessity  of  special  diets  can  be  seen  especially  in  the  field  of  reduc¬ 
ing  diets.  All  sorts  of  reducing  diets  are  advocated,  most  of  them 
dependent  for  use  on  gullibility  and  ignorance.  The  multiplicity 
of  special  diets  can  lead  to  unnecessary  expense  in  the  operation 
of  hospitals.  It  would  be  of  great  advantage  to  hospitals  and  to 
patients  if  the  number  of  special  diets  were  reduced  to  those 
really  necessary. 


NUTRITION  IN  PREGNANCY 


Pregnancy  has  been  described  as  a  period  of  nutritional  stress. 
It  is  true  that  the  growth  of  the  fetus  requires  supplies  of  certain 
nutrients.  A  change  in  metabolism  in  the  mother  cushions  the 
need  for  protein  and  perhaps  for  other  nutrients  so  that  preg- 
nancy  produces  less  stress  than  might  be  thought.  An  outmoded 
advice  is  that  the  pregnant  woman  should  eat  for  two.  What  may 
be  needed  is  not  an  increased  amount  of  food  but  rather  a 
change  in  food  use.  Nutrition  requirements  can  be  considered  in 
terms  of  fetal  need  and  maternal  need. 


Nutrition  Requirements  of  the  Fetus.  Little  fetal  growth  occurs 
uring  t  e  first  and  the  second  trimesters  of  pregnancy.  Growth 
"P  durmg  the  third  fimester.  Huggett"  has  estimated  the 
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Table  18.  Composition  of  the  Human  Fetus  in  Grams 


Time 

Total 

Weight 

Water 

Protein 

Fat 

Ash 

End  of  5th  lunar  month 

300 

260 

22 

3.5 

1.5 

End  of  7th  lunar  month 

1,000 

800 

100 

25.0 

30 

At  birth 

3,200 

2,420 

400 

350.0 

90 

Average  Daily 

Deposition 

1.  Throughout  fetal  life 

11.4 

8.6 

1.4 

1.5 

0.32 

2.  In  last  3  months 

of  pregnancy 

26.2 

19.3 

3.57 

3.87 

0.71 

3.  In  last  month  of  pregnancy  35.7 

23.6 

6.4 

5.0 

2.0 

growth  requirements  of  the  fetus.  The  above  table  is  taken  from 
a  review  by  Huggett.1 

Table  18  shows  clearly  that  the  rate  of  growth  of  the  fetus  dur¬ 
ing  the  first  half  of  pregnancy  is  such  that  demands  of  the  fetus 
for  growth  materials  are  negligible.  The  greatest  demand  is  din¬ 
ing  the  last  month  of  pregnancy.  The  increment  in  protein, 
needed  for  the  growth  of  soft  tissues,  averages  6.4  Gm.  per  day 
during  the  last  month  of  intra  uterine  life.  This  protein  must 
come  from  the  food  intake  of  the  mother  or  from  her  tissues.  It 
should  be  noted  that  all  of  ingested  protein  is  not  absorbed  and 
utilized.  This  inefficiency  makes  necessary  the  provision  of  an 
amount  of  dietary  protein  greater  than  the  actual  fetal  demand. 
A  similar  statement  can  be  made  for  calcium,  a  principal  con¬ 
stituent  of  the  “ash”  shown  in  Table  18.  It  has  been  estimated 
that  the  fetus  contains,  at  birth,  about  22  Gm.  of  calcium;  most 
of  this  is  accumulated  in  the  third  trimester  and  more  especially 

in  the  last  month  of  pregnancy. 

There  is  very  little  precise  information  regarding  the  leta 
needs  for  vitamins.  Presumably,  vitamin  D  is  necessary  for  the 
assimilation  of  calcium  and  phosphorus,  by  both  the  fetus  an 
the  mother.  This  is  the  basis  for  the  recommendation  that  a  sup 
ply  of  vitamin  D  be  given  to  the  mother  during  the  second  hall 
of  pregnancy.  Fetal  requirements  for  various  other  vttamms  are 

“Nutrition  Requirements  of  the  Mother.  During  pregnancy. 
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metabolic  changes  occur,  and  these  alter  the  nutrition  require¬ 
ments.  Stander  and  Pastore2  reported  that  a  progressive  increase 
in  weight  after  the  6th  week  is  normal  in  pregnancy,  and  that 
the  average  final  gain  is  24  per  cent  of  the  original  nonpregnant 
weight.  One  third  of  the  total  gain  in  weight  is  due  to  the  prod¬ 
ucts  of  conception  (the  fetus,  the  placenta,  and  increased  size  of 
the  uterus  and  the  breasts) .  The  balance  of  the  maternal  weight 
gain  is  due  to  accumulation  of  water  and  protein.  During  the 
second  half  of  pregnancy  the  basal  metabolic  rate  may  be  in¬ 
creased  from  10  to  20  per  cent.  This  increase  in  basal  metabolism 
has  not  been  explained  adequately  but  it  may  be  due  to  an  in¬ 
crease  in  metabolizable  tissue.  There  is  a  commonly  used  recom¬ 
mendation  that  the  energy  intake  of  a  pregnant  woman  should 
be  increased  during  the  latter  part  of  pregnancy.  In  the  Recom¬ 
mended  Allowances3  there  is  advised  an  increase  of  400  calories 
a  day  during  the  third  trimester.  In  the  Canadian  Dietary  Stand¬ 
ard4  an  extra  allowance  of  500  calories  a  day  is  advised  during 
the  second  half  of  pregnancy.  These  extra  energy  allowances  can 
be  justified  on  a  double  basis:  (1)  the  increase  in  basal  metab¬ 


olism,  and  (2)  the  extra  energy  enables  the  body  to  lessen  the 
catabolism  of  amino  acids,  thus  conserving  protein  for  the  fetus 
and  tor  retention  by  the  mother.  However,  there  is  doubt  whether 
the  extra  supply  of  energy  is  necessary.  McGanity  et  al .5  found 
that  an  average  intake  of  about  2,100  calories  a  day  was  compati¬ 
ble  with  health  in  a  large  group  of  pregnant  women.  Such  an 
intake  is  much  below  a  customary  recommendation.  In  addition, 
it  should  be  made  clear  that  an  increase  in  calorie  intake  would 
be  unjustifiable  and  might  be  harmful  if  the  woman  was  over¬ 
weight  at  the  onset  of  pregnancy.  Overweight  women  are  more 
i  e  y  to  develop  a  toxemia  of  pregnancy  than  are  women  of  nor¬ 
ma  weight.  The  most  harmful  nutrition  abnormality  likely  to  be 
seen  in  pregnant  women  in  the  United  States  and  Canada  is 
o  esity.  For  such  a  person  a  reduction  in  caloric  intake  should 
be  recommended,  and  an  increased  intake  would  be  unwise. 

t  has  been  known  for  some  years  that  normal  pregnancy  is 
characterized  by  a  more  positive  nitrogen  balance  with  a  conse 

0f  Pr°tein  in  tissues-  The  mother  - 

tamS  mUch  more  Pr°tein  than  is  required  by  the  fetus  and  for 
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enlargement  of  uterus  and  breasts.6  The  substantial  accumula¬ 
tion  of  protein  in  maternal  tissues  is  said  to  be  a  preparation  for 
lactation;  a  more  likely  explanation  is  that  the  storage  of  protein 
is  a  safeguard  against  emergencies  and  to  ensure  that  protein 
always  will  be  available  for  fetal  growth.  The  storage  of  a  large 
quantity  of  protein  is  facilitated  by  a  change  in  metabolism.  Pro¬ 
tein  catabolism  is  decreased;  there  is  a  lessening  in  urea  produc¬ 
tion  and  consequently  a  decrease  in  blood  urea.  The  curtailment 
in  protein  catabolism  results  from  a  change  in  hormone  balance. 
Increased  amounts  of  pituitary  growth  hormone  and  of  the  two 
sex  hormones,  estrogen  and  progesterone,  are  responsible  for  the 
metabolic  change.6  Because  of  this  metabolic  alteration,  protein 
is  spared  and  retention  is  possible,  even  if  dietary  intake  is  not 
increased.  However,  an  increase  in  protein  intake  is  desirable 
and  should  be  recommended.  A  customary  recommendation3-4  is 
to  increase  the  amount  of  ingested  protein  by  25  Gm.  a  day,  giv¬ 
ing  a  total  average  intake  of  80  Gm.  per  day. 

There  is  considerable  similarity  between  the  metabolism  of 
calcium  and  that  of  protein  during  pregnancy.  Both  nutrients 


are  required  for  fetal  growth.  It  was  noted  above  that  an  average 
calcium  content  of  the  fetus  at  birth  is  22  Gm.;  most  of  this 
accumulation  takes  place  in  the  last  month  of  pregnancy.  As  in 
the  case  of  protein,  there  is  a  marked  retention  of  calcium  by  the 
mother  It  has  been  estimated  that  the  storage  of  calcium  by  the 
mother  equals  that  in  the  fetus.  The  storage  of  calcium  takes 
place  in  the  trabeculae  of  the  maternal  bones  and  may  be  a  pro¬ 
vision  for  milk  production.  As  in  the  case  of  protein,  the  storage 
of  calcium  is  facilitated  by  a  metabolic  change  which  causes  more 
efficient  absorption  of  calcium.*  An  increased  intake  is  advisable 
during  the  latter  part  of  pregnancy,  and  a  suitable  recomme 

"^The  'question  oNron  requirements  during  pregnancy  was  re- 
viewed  by  Garry  and  Wood.*  They  pointed  out  that  d.  ut.on  of 
the  blood  a  normal  occurrence  in  pregnancy,  could  cause 

•  apparent  anemia,”  by  reducing  the  concentration  of  hemo- 
elobin  Anemia  should  not  be  diagnosed  m  pregnancy  unless  t 
concentration  is  below  80  per  cent  of  nonpregnant  values.  Fet 
demand  for  iron  is  less  than  that  lost  in  menstruation,  winch 


Nutrition  in  Pregnancy 


263 


absent  in  pregnancy.  It  has  been  found  that  there  is  more  effi¬ 
cient  absorption  of  iron  in  pregnancy.  The  recommended  intake 
of  15  mg.  of  iron  a  day  should  be  adequate,  and  supplemental 
iron  is  generally  unnecessary. 

The  increase  in  metabolism  which  occurs  in  pregnancy  causes 
a  strain  on  the  thyroid  gland  and  increases  the  need  for  iodine. 
This  need  can  be  met  by  the  use  of  iodized  salt.  In  recent  years, 
a  low-salt  diet  has  been  considered  advantageous  for  the  preven¬ 
tion  of  the  toxemias  of  late  pregnancy.  If  the  major  source  of 
iodine  is  iodized  salt,  and  if  the  intake  of  salt  is  restricted,  a 
supplemental  supply  of  iodine  should  be  considered.  It  is  worth 
recalling  that  Kemp9  reported  in  1939  that  the  incidence  of  idio¬ 
pathic  stillbirths  could  be  definitely  reduced  by  supplying  ample 
iodine  to  pregnant  women. 

Very  little  information  is  available  regarding  vitamin  require¬ 
ments  in  pregnancy.  The  usual  attitude  is  that  vitamin  require¬ 
ments  must  be  increased,  and  customary  recommendations  pro¬ 
vide  lor  increase  during  pregnancy.  There  is  a  lack  of  evidence 
which  would  justify  a  substantial  increase  in  vitamin  A.  The 
customary  advice  of  providing  400  units  a  day  of  vitamin  D  is 
based  on  the  bone  growth  of  the  fetus  and  on  the  increased  re¬ 
tention  of  calcium  by  the  mother.  Evidence  obtained  by  Oldham 
and  associates10  indicates  that  pregnancy  does  not  increase  re- 
quiiements  for  thiamine  and  riboflavin.  Definite  evidence  regard¬ 
ing  ascorbic  acid  need  in  pregnancy  is  unavailable.  In  recent 
years  there  has  been  some  interest  in  vitamin  B6  in  relation  to 
pregnancy,  and  this  vitamin  has  been  used  in  the  treatment  of 
severe  nausea  in  early  pregnancy.  Biochemical  evidence  is  avail¬ 
able  to  show  the  presence  of  vitamin  B6  deficiency  in  pregnant 
women  exhibiting  nausea  and  vomiting.11  While  pregnant 
women  usually  have  normal  levels  of  prothrombin  in  the  blood 
many  newborn  infants  may  have  low  concentrations.  The  amoum 
of  prothrombin  m  mfant  blood  can  be  increased  by  administra- 
ton  of  vitamin  K  to  the  mother  shortly  before  parturition  and 

equently  this  is  done.  While  vitamin  E  has  been  shown  to  affect 
^  has  been  established  £ 

The  general  relation  of  nutrition  to  obstetric  performance  and 
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to  the  health  of  the  infant  has  received  considerable  attention. 
Supplementation  of  “poor”  food  intakes  has  been  claimed  to 
lessen  complications  during  pregnancy  and  to  improve  the 
baby.13-14  Burke  has  reported  that  a  “good”  food  intake  is  bene¬ 
ficial  to  both  the  mother  and  the  baby.15  In  contrast  with  these 
studies.  Darby  and  associates16  have  reported: 

In  our  patients  we  are  unable  to  indict  nutrition  as  a  major  causative 
factor  in  the  development  of  commonly  encountered  obstetric  and  fetal 
abnormalities  .  .  .  We  recognize  that  with  a  sufficiently  low  level  of 
nutriture,  nutritional  complications  may  arise  from  dietary  inadequacies. 
We  do  not  wish  to  be  interpreted  as  concluding  that  nutrition  is  unim¬ 
portant  in  pregnancy. 

.  •  _ _ _  J  _  -  m  T  -T  /\1 1  rt  /I  rl  1 1  n  n  nr 


Very  interesting  observations  were  made  in  Holland  during 
the  winter  of  1944  to  1945,  when  there  was  severe  lack  of  food.17 
The  marked  undernutrition  led  to  a  prevalence  of  amenonhea 
and  infertility.  Infants  conceived  before  the  hunger  months  but 
born  during  them  were  significantly  below  the  expected  weight 
and  length.  Pregnancy  toxemias  were  less  prevalent.  Prematurity 
and  congenital  malformations  were  slightly  increased,  but  the 
food  deprivation  had  no  effect  on  the  incidence  of  stillbirth, 
neonatal  death,  or  lactation.  Good  nutrition  is  as  desirable  din¬ 
ing  pregnancy  as  at  any  other  time.  However,  damaging  effects  o 
undernutrition  appear  to  be  mediated  by  changes  in  metabolism, 
induced  by  endocrine  influences,  and  these  help  to  conserve  nu¬ 
trients  which  are  vital  for  the  fetus. 

Food  Recommendations  for  Expectant  Mothers 


protein  ana  caicium.  * 
the  reasons  for  milk  ex 
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taking  vitamin  D  during  the  second  half  of  pregnancy.  In  the 
United  States  and  Canada,  certain  defects  in  food  habits  can  be 
anticipated;  correction  of  these  should  be  started  in  the  first  half 
of  pregnancy.  Emphasis  probably  will  be  needed  on  citrus  fruit 
and  on  the  use  of  a  variety  of  vegetables.  If  a  reducing  diet  is 
advisable,  this  should  consist  of  a  restriction  in  bread,  cake, 
pastry,  fats,  potatoes,  but  there  should  not  be  a  restriction  of 
milk,  fruits,  and  vegetables  other  than  potatoes.  The  following 
food  recommendations  are  useful,  even  in  case  of  calorie  restric¬ 
tion: 

Milk— at  least  li/2  pints  a  day.  Skim  milk  may  be  used  to  reduce  cal¬ 
ories  or  to  lessen  expense. 

Fruit— a  serving  of  citrus  fruit  or  tomatoes  or  their  juices  every  day 

Vegetables— 2  servings  of  vegetables  other  than  potatoes  every  day 

Cereals— a  serving  of  breakfast  cereal  with  whole-grain  nutritive  value 
every  day 

Eggs  and  cheese— each  at  least  3  times  a  week 

Vitamin  D— 400  units  a  day  during  the  second  half  of  pregnancy 

All  nutrient  requirements  during  pregnancy,  with  the  excep¬ 
tion  of  vitamin  D,  can  be  satisfied  by  the  use  of  foods.  There  is 
no  need  to  use  supplements,  except  one  supplying  vitamin  D. 
Sometimes,  a  calcium  preparation,  like  calcium  gluconate,  is 
prescribed  in  place  of  education  of  the  mother  to  use  the  requi¬ 
site  amount  of  milk.  Calcium  gluconate  is  a  more  expensive  source 
of  calcium  than  is  milk  and,  unlike  milk,  supplies  only  the  one 
nutrient.  Pregnancy  provides  an  excellent  opportunity  to  educate 
the  mother  and  to  alter  food  habits.  The  opportunity  should  not 

fie  neglected  in  favor  of  the  lazy  expedient  of  prescribing  vitamin 
or  other  supplements. 


Diets  for  Nursing  Mothers 

It  15  obvious  that  the  production  of  milk  requires  the  appro¬ 
priation  of  nutrients.  One  pint  of  human  milk  contains  the  fob 
lowing  approximate  amounts  of  nutrients: 

r-at]  ha  18  Gm) 

ProteV  fate  5  j340  Cal°ries. 

peL"lrer0^lu;nielU^r1hamn,there?U,,eS  Pr°bab'y 

b  tnan  the  amounts  present  in  the 
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milk.  The  efficiency  of  milk  production  in  the  human  mammary 
gland  is  not  known  but  it  can  be  assumed  that  the  total  loss  to 
the  mother  is  greater  than  that  evident  in  the  milk.  To  meet  the 
extra  needs  the  following  increases  in  intake  have  been  recom¬ 
mended: 


Calories 

Protein 

Calcium 


Recommended 

Allowances 

1,000. 

45. 

1.2 


Can.  Dietary 
Standard 


1,000. 

25. 

1.0 


The  increase  of  1,000  calories  may  be  greater  than  need.  Garry 
and  Wood8  have  estimated  that  600  calories  extra  a  day  is  suffi¬ 
cient.  With  respect  to  protein  and  calcium,  it  should  be  remem¬ 
bered  that  both  nutrients  generally  are  stored  during  pregnancy, 
and  thus  appreciable  amounts  are  available  for  lactation. 

As  in  the  case  of  pregnancy,  food  recommendations  for  a  nurs¬ 
ing  mother  should  emphasize  protective  foods  like  milk,  fruits, 
vegetables,  meat  and  eggs. 


INFANT  FEEDING 


Breast  Feeding.  This  is  the  safest  and  generally  the  most  con¬ 
venient  method  of  feeding  a  baby.  A  prospective  mother  should 
be  mentally  prepared  before  the  child  is  born,  d  he  mother  who 
nurses  her  baby  will  have  the  satisfaction  of  her  baby  s  depend¬ 
ence  on  her  while  the  baby  in  turn  receives  the  comloit  and  the 


security  which  leads  to  health  and  happiness. 

After  the  baby  is  born,  both  mother  and  baby  should  rest  for 
12  to  18  hours.  For  the  next  24  to  36  hours,  the  baby  may  be  put 
to  the  breast  for  5  minutes  every  8  hours.  This  is  simply  a  process 
of  familiarization,  since  the  mother  will  provide  only  1  to  2  ozs. 
of  colostrum  per  feeding.  If,  during  this  period,  the  baby  is 
hungry  a  5  per  cent  sugar  solution  may  be  given.  Milk  feeding 
at  this  time  may  unduly  depress  the  baby's  appetite  and  possibly 
cause  sensitization  to  milk  protein.  By  the  third  day,  an  adequate 

supply  of  breast  milk  is  usually  available.  ... 

There  are  very  few  contraindications  to  breast  feeding.  1  e 
a  few  mothers  may  not  be  able  to  nurse  their  babies,  even  a  lew 
weeks  or  a  month  of  breast  feeding  are  desirable,  if  that  is  all 
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that  can  be  achieved.  Breast  feeding  should  continue  until  the 
baby  is  6  to  9  months  old.  For  the  convenience  of  the  mother  a 
reasonably  regular  schedule  of  feeding  is  desirable  but  it  does 
not  need  to  be  enforced  by  the  clock.  When  the  baby  is  about  2 
months  old  a  bottle  feeding  may  be  established  for  one  breast 
feeding,  to  enable  the  mother  to  get  out.  This  has  the  additional 
advantage  of  facilitating  weaning,  which  should  take  place  when 
the  baby  is  6  to  9  mon  ths  of  age. 

Artificial  Feeding.  There  has  been  marked  simplification  in 
feeding  arrangements  in  recent  years.  It  has  been  found  that 
most  babies  can  thrive  on  fairly  simple  formulas  in  which  cow’s 
milk  is  used  with  added  water  and  carbohydrate.  These  formulas 
are  based  on  the  following  points: 

1.  The  energy  requirements  of  a  normal  baby  are  from  50  to  55 
calories  per  pound  of  body  weight  per  day. 

2.  Fluid  requirement  is  3  ozs.  per  pound  of  body  weight  per 
day,  up  to  a  maximum  of  40  ozs.  In  hot  weather  additional  fluid 
can  be  given  in  the  form  of  cooled  boiled  water. 

3.  Requirements  for  protein,  fat  and  nutrient  elements  will  be 
satisfied  if  the  baby  receives  either  2  ozs.  of  whole  milk  or  1  oz. 
of  evaporated  milk  per  pound  of  body  weight  per  day. 

4.  To  increase  energy  intake  above  that  provided  by  milk,  1 
oz.  of  carbohydrate  may  be  added  to  the  total  feeding  for  the  day. 

An  illustrative  calculation  for  a  baby  weighing  10  lbs.  is  as 
follows: 


Total  calorie  requirement  =  10  X  50-55  =  500-550  calories 
Fluid  requirement  =  10  X  3  —  30  ozs. 

Milk  requirement: 

1.  If  fluid  whole  milk  =  10  X  2  =  20  ozs.  =  400  calories 
Water  =  30  -20  —  10  ozs. 


2.  If  evaporated  milk  =  10  X  1  =  10  ozs.  =  420  calories 
Water  =  30-10  =  20  ozs. 

Carbohydrate  =1  oz.  =  120  calories 

Based  on  these  calculations  the  mother  may  be  given  instruc¬ 
tions  to  make  up  feeding  for  the  day  as  follows: 


Whole  milk 
Water 

Carbohydrate 


Evaporated  milk  10  ozs. 
or  /  Water  20  ozs. 

Carbohydrate  1  oz. 
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Various  carbohydrates  may  be  used.  These  have  different 
laxative  effects,  and  the  particular  carbohydrate  to  be  used 
should  be  selected  by  the  pediatrician.  Commonly  used  carbo¬ 
hydrates  in  the  order  of  laxative  effect  are: 


Lactose 
Corn  syrup 
Cane  sugar 
Dextri-Maltose 
Barley  flour 
Rice  flour 


1  oz.  —  2  level  tablespoons 
1  oz.  m  2  level  tablespoons 
1  oz.  —  2  level  tablespoons 
1  oz.  =  4  level  tablespoons 
1  oz.  =  4  level  tablespoons 
1  oz.  —  4  level  tablespoons 


Various  milks  may  be  used.  Raw  milk  never  should  be  used 
because  of  the  danger  of  milk-borne  infection.  Pasteurized  milk  is 
the  safest  fresh  milk.  All  milk  given  to  babies  during  the  first 
year  and  during  the  second  summer  should  be  boiled  for  3 
minutes  to  provide  a  safe  and  easily  digested  feeding.  Milk  high 
in  fat  (above  3.5%)  should  not  be  used  for  infant  feeding.  Evap¬ 
orated  milk  has  the  advantage  of  convenience  and  safety.  Con¬ 
densed  milk  which  has  had  considerable  water  removed  and 
contains  sufficient  added  sugar  to  give  50  per  cent  carbohydrate, 
should  not  be  used. 

To  ensure  safety  through  freedom  from  live  organisms,  the 
formula  must  be  sterilized.  Either  of  two  methods  may  be  used. 
In  both  cases,  milk,  water  and  carbohydrate  are  mixed.  One 
method  of  sterilization  is  to  boil  the  mixture  for  3  minutes  and 
then  pour  at  once  into  feeding  bottles  which  have  been  sterilized 
in  boiling  water  just  prior  to  use.  The  filled  bottles  are  capped 
and  refrigerated  until  needed.  In  the  other  method  of  steriliza¬ 
tion  the  bottles  and  the  formula  are  sterilized  in  one  operation- 
The  mixed  formula  is  filled  into  clean  bottles,  and  the  fille 
bottles  are  immersed  to  the  neck  in  boiling  water  for  25  minutes. 
It  is  of  the  utmost  importance  that  a  formula  be  adequate  y 
sterilized,  then  cooled  and  kept  in  a  refrigerator  until  used.  A 
bottle  is  warmed  to  body  temperature  before  feeding.  Ordinarily, 
a  formula  for  one  day  with  a  total  volume  of  -10  ozs  is  filled  in  o 
5  bottles.  Feeding  may  be  given  at  about  7  a.m„  1  a.m.. ,S ■  p.  _ 
and  10  p.M.  An  exact  time  interval  is  not  essential,  and 
time  may  be  adjusted  to  the  needs  of  the  baby. 
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Vitamin  Supplements.  Human  milk  may  contain  sufficient 
ascorbic  acid  to  satisfy  the  requirements  of  the  baby,  if  the 
mother  is  receiving  a  generous  intake  of  that  vitamin.  A  source 
of  ascorbic  acid  must  be  supplied  to  artificially  fed  babies  and 
can  be  given  with  advantage  to  all  babies.  This  should  be 
started  when  the  baby  is  2  weeks  of  age.  For  this  purpose,  fresh 
orange  juice  is  diluted  with  equal  parts  of  cooled  boiled  wrater. 
Diluted  orange  juice  is  given  initially  in  1  teaspoon  per  day,  and 
the  amount  gradually  increased  until  the  baby  is  receiving  the 
equivalent  of  2  ozs.  of  orange  juice  daily.  Occasionally,  a  baby 
does  not  tolerate  orange  juice.  In  that  case  sufficient  ascorbic 
acid  may  be  added  to  the  formula  to  provide  50  mg.  per  day. 
In  recent  years  an  alarming  incidence  of  scurvy  has  been  seen 
in  babies  in  several  areas  of  the  United  States  and  Canada.  Every 


baby  should  receive  a  source  of  ascorbic  acid  after  2  weeks  of  age. 

Vitamin  I)  is  required  by  all  babies  for  the  prevention  of 
tickets.  At  least  400  units  a  day  should  be  provided,  and  during 
the  first  year  up  to  800  units  a  day  may  be  given.  Concentrated 
piepaiations  are  available  which  provide  economically  and  con¬ 
veniently  800  units  in  3  to  5  drops  w'hich  are  placed  in  the 
baby’s  mouth  by  a  dropper.  A  supplement  of  vitamin  D  should 
be  started  at  2  weeks  of  age  and  should  be  continued  throughout 
childhood  and  adolescence. 

Eoods  Other  Than  Milk.  The  digestive  tract  gradually  be¬ 
comes  able  to  handle  foods  other  than  milk.  As  teeth  appear, 
t  lere  is  need  for  solid  foods.  The  iron  content  of  milk  is  low' 
and  sources  of  iron  should  be  made  available.  The  amount  of 
tnamine  supplied  by  milk  may  not  be  adequate  as  growth  pro¬ 
ceeds  It  is  an  advantage  to  supply  foods  such  as  eggs,  meat  and 
ceieals  which  furnish  both  iron  and  thiamine. 

In  North  America  various  brands  of  precooked  cereals  are 
available  for  infant  feeding.  In  addition  to  nutritional  benefits 
hcse  precooked  cereals  are  convenient.  They  are  mixed  with 
lormula,  with  cooked  boiled  milk  or  with  coolL  boiled  water  to 

o,,  cereaTat  3  iT”  'j  M<*‘  babies  «*»  be  started 

3  ‘T  a  day,  and  the  cereal  feeding  ^Te^kLe^  H 
porridge., ke  consistency  as  the  baby  becomes  accustomed  to  it 
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Egg  yolk  is  a  good  source  of  iron  and  thiamine— 2  nutrients 
needed  to  supplement  milk— and  cooked  egg  yolk  is  digestible  for 
most  babies  at  2  to  3  months  of  age.  The  yolk  of  a  hard-boiled  egg 
may  be  fed  once  a  day,  mixed  with  cereal  or  made  into  a  paste 
with  milk.  Soft-boiled  or  poached  egg  may  be  given  at  1  year  of 
age.  Meat  is  another  good  source  of  both  iron  and  thiamine; 
scraped  or  finely  ground  meat  can  be  given  in  place  of  egg  yolk 
several  times  a  week  or  it  may  be  given  in  addition  to  egg. 

Vegetables  and  fruits  may  be  started  as  early  as  3  months,  or 
the  giving  of  these  foods  may  be  delayed  until  the  baby  is  7 
months  of  age.  Vegetables  and  fruits  should  be  cooked  and  finely 
sieved.  Specially  canned  preparations  are  available.  They  may 
cause  digestive  upsets  and  should  be  given  in  small  amounts  at 
first  with  a  gradual  increase.  This  is  a  good  rule  for  all  new 


foods. 

After  teeth  commence  to  appear  the  baby  may  be  given  toast 
or  rusk  to  provide  food  to  bite  on.  At  about  10  months  of  age 
a  variety  of  texture  may  be  introduced  by  using  one  or  more  foods 
chopped  instead  of  sieved.  By  9  months  of  age  babies  should  be 
adapted  to  3  meals  a  day  and  should  be  able  to  feed  themselves 
shortly  after  the  end  of  the  first  year.  Fruit,  vegetables,  meat, 
eggs  are  essential  foods  for  any  age,  and  their  use  should  be  con¬ 
tinued  so  that  good  food  habits  will  be  developed.  For  the  same 
reason  it  is  an  advantage  to  accustom  the  baby  to  a  variety  o 

fruits  and  vegetables.  .  . 

During  the  second  year  of  life  the  rate  of  growth  is  less  than 

during  the  first  year.  Calorie  needs  are  less  and  babies  eat  less 
of  their  own  accord.  Parents  are  frequently  disturbed  by  t 
natural  decrease  in  food  intake  and  may  try  to  force  a  child  to 
eat.  This  may  be  the  genesis  of  food  problems. 


reducing  diets 

An  individual  who  is  markedly  overweight  may  be  advised  to 
reduce  weight  for  medical  reasons  or  may^wis  ^  „ 

Sak£  °,  aPaCn”  quen«  o  long-standing  habit  and.  rather  than 
overeat  as  a  consequenc  &  variety  of  excuses. 

accept  the  real  cause  of  overweigi  ,  ™  habits>  freak  diets 

To  avoid  the  unpleasantness  of  c  a  g  & 
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which  promise  weight  loss  quickly  will  he  tried.  The  major 
problem  in  weight  loss  is  the  development  of  sufficient  will  power 
to  eat  less  substantial  meals. 

Newburgh18  has  defined  obesity  as  “that  condition  in  which 
the  body  contains  an  abnormally  large  amount  of  adipose  tissue.” 
To  most  people,  obesity  would  be  defined  as  a  condition  in 
which  an  individual  is  markedly  overweight.  This  simple  defi¬ 
nition  presents  several  problems.  Which  body  weight  will  be 
taken  as  normal  or  ideal?  How  much  leeway  above  the  normal 
weight  will  be  allowed? 

The  customary  diagnosis  of  obesity  is  based  on  body  weight. 
An  individual  is  assumed  to  be  overweight  if  the  weight  is  more 
than  10  per  cent  above  the  “normal”  weight  for  height  and  age; 
if  the  actual  weight  is  more  than  20  per  cent  above  “normal,” 
the  person  is  said  to  be  obese.  The  tables  of  height  and  weight 
which  have  been  used  in  the  United  States  and  Canada  were 


published  first  in  1912. 19  T.  hese  tables  contain  the  average  weights 
for  men  and  women  of  specified  ages  and  heights.  The  averages 
were  obtained  from  measurements  of  about  200,000  men  and 
women  who  had  been  accepted  as  policy-holders  by  insurance 
companies  during  the  period  1895  to  1900.  The  use  of  these  tables 
for  the  diagnosis  of  obesity  has  been  criticized  by  Keys.20  He  has 
pointed  out  that  the  measurements  were  made  with  the  subjects 
fully  dressed,  including  shoes,  and  that  shoes  and  clothing  worn 
in  the  measurement  period  might  affect  height  and  weight  dif¬ 
ferently  from  that  produced  by  shoes  and  clothing  used  at 
present.  Keys  has  also  pointed  out  that  the  group  was  a  select 
one,  since  the  purchase  of  life  insurance  was  not  common  at  that 
time  and  most  of  the  subjects  were  concentrated  in  a  few  urban 
centers  along  the  upper  Atlantic  seaboard.  In  addition  to  these 
comments  it  should  be  noted  that  the  figures  published  in  the 
ables  are  smoothed  averages  of  wide  ranges  of  individual  figures. 

no  sense  can  the  figures  be  regarded  as  •‘ideal"  weights  which 
all  persons  should  strive  to  maintain. 

ance  Tahler.r1"1  '***  CTkicisms  ot  the  of  the  1912  Insur- 

McHenry  “’  /  sT!  ”*  ^  Which  can  be  1947 

tesident/of  Onta  ““"d  fl^f"  ^  ““  W^h‘S  of  12'« 

d  found  close  agreement  between  1947 
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and  1912  averages  for  men  and  women  of  various  heights  and 
ages.  The  group  of  about  12,000  people  was  not  a  random 
sample,  but  at  least  average  weights  and  heights  confirmed  those 
found  in  the  1912  study.  It  might  be  concluded  that  the  1912 
average  weights  are  still  applicable  to  people  in  Ontario. 

A  major  criticism  of  the  use  of  standard  height-weight  tables 
to  evaluate  the  presence  of  obesity  is  that  the  possession  of  a 
body  weight  20  per  cent  greater  than  the  average  for  height, 
age  and  sex  may  not  indicate  “fatness.”  Keys20  has  measured  the 
amount  of  fat  either  by  determining  body  density  or  by  measur¬ 
ing  the  thickness  of  skin  folds  (most  fat  is  subcutaneous,  and  a 
thick  skin  fold  is  indicative  of  considerable  fat  deposits).  Keys 
has  shown  that  people  may  be  overweight  in  terms  of  a  standard 
table  but  have  no  excessive  amount  of  fat. 

However,  the  customary  method  for  diagnosing  obesity  foi 
some  years  has  been  to  compare  actual  weight  with  that  shown 
in  a  standard  table.  When  obesity  is  defined  as  the  possession  of 
a  body  weight  exceeding  by  more  than  20  per  cent  the  aveiage 
weight  for  height  and  age  there  is  no  claim  that  fatness  has  been 
measured.  Moreover,  insurance  data  have  shown  clearly  that 
obesity,  defined  on  this  simple  basis,  is  associated  with  several 
degenerative  diseases  and  that  it  shortens  life.22  The  evidence 
shows  that  it  is  an  advantage  for  adults,  at  least  those  over  30 
years  of  age,  to  have  body  weights  which  are  not  excessive.  Despite 
the  criticisms  of  the  diagnosis  of  obesity  purely  on  a  basis  of 
body  weight,  it  is  likely  that  this  procedure  will  continue  to  be 
used.  The  evidence  for  the  harmfulness  of  marked  overweig  t 


justifies  the  continuation. 

Because  of  the  criticisms  of  the  1912  standard  tables  the  Metro¬ 
politan  Life  Insurance  Company  has  published  a  table  o 
able”  body  weights.  This  table  of  desirable  weights  for  adult 
shown  in  Table  19.  In  constructing  this  table  the  officers  o  t  ie 
Metropolitan  Insurance  Company  assumed  that  adults  shou 
not  increase  in  weight  past  the  age  of  25.  This  is  a  reasonable 
follow  in  practice,  if  obesity  is  to  be  preventecb  a 

goal Thich  is  more  desirable  than  the  lament  ofW  De; 
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Table  19.  Desirable  Weights  for  Men  and  Women 
25  Years  of  Age  and  Over* 

Weight  in  Pounds  According  to  Frame  (as  Ordinarily  Dressed) 


MEN 


Height 


(with  shoes  on) 

Small 

Medium 

Large 

Feet  Inches 

Frame 

Frame 

Frame 

5  2 

116-125 

124-133 

131-142 

5  3 

119-128 

127-136 

133-144 

5  4 

122-132 

130-140 

137-149 

5  5 

126-136 

134-144 

141-153 

5  6 

129-139 

137-147 

145-157 

5  7 

133-143 

141-151 

149-162 

5  8 

136-147 

145-156 

153-166 

5  9 

140-151 

149-160 

157-170 

5  10 

144-155 

153-164 

161-175 

5  11 

148-159 

157-168 

165-180 

6  0 

152-164 

161-173 

169-185 

6  1 

157-169 

166-178 

174-190 

6  2 

163-175 

171-184 

179-196 

6  3 

168-180 

176-189 

184-202 

WOMEN 

Height 

(with  shoes  on) 

Small 

Medium 

Large 

Feet  Inches 

Frame 

Frame 

Frame 

4  11 

104-111 

110-118 

117-127 

5  0 

105-113 

112-120 

119-129 

5  1 

107-115 

114-122 

121-131 

5  2 

r  a 

110-118 

117-125 

124-135 

5  3 

C  A 

113-121 

120-128 

127-138 

b  4 

116-125 

124-132 

131-142 

^  5 

119-128 

127-135 

133-145 

^  6 

123-132 

130-140 

138-150 

3  / 

X  0 

126-136 

134-144 

142-154 

3  8 

x  n 

129-139 

137-147 

145-158 

0  9 

133-143 

141-151 

149-162 

^  ID 

K  1  i 

136-147 

145-155 

152-166 

3  1 1 

139-150 

148-158 

155-169 

ofZuSS1 'onnYu^nand  w„rUn.  “"dies  of  hundred. 
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meant  by  “small  frame”  or  “large  frame,”  and  the  decision  on 
this  classification  is  left  to  the  subjective  opinion  of  the  user  of 
the  table.  This  table  of  body  weights  is  perhaps  the  best  that  is 
available  at  present.  Keys20  has  pointed  out  that  diagnosis  of 
obesity  simply  on  a  basis  of  body  weight  may  lead  to  errors  in 
classifying  people  as  obese  when  they  actually  are  not  and  in 
missing  some  cases  of  those  who  are  fat.  He  has  recommended 
that  “a  fair  diagnosis  can  be  made  simply  by  looking  at  the  nude 
body  or  by  pinching  up  a  skinfold.”  These  simple  precautions 
seem  to  be  advisable. 

Neither  the  treatment  nor  the  prevention  of  obesity  can  be 
effective  unless  there  is  a  clear  understanding  of  the  cause.  The 


cause  is  the  ingestion  of  food  having  a  greater  energy  value  than 
is  expended  by  the  individual.  All  other  possible  causes  were 
reviewed  critically  by  Newburgh.18  After  pointing  out  that  there 
is  evidence  that  basal  energy  production  is  not  less  in  obese 
persons,  that  there  are  no  differences  in  food  absorption  or  utili¬ 
zation  between  obese  persons  and  those  of  normal  weight,  and 
that  alterations  in  the  endocrine  glands  do  not  account  for 
obesity,  Newburg  stated:  “Obesity  is  invariably  caused  by  an 

inflow  of  energy  that  exceeds  the  outflow.” 

The  prevention  of  obesity  consists  of  accustoming  oneself  to 
intakes  of  food  which  do  not  involve  an  excess  intake.  This  can 
be  done  by  following  customary  advice  with  regard  to  food  choice. 
The  use  of  the  Basic  Seven  or  Canada’s  Food  Rules  in  selecting 
foods  will  ensure  intakes  which  are  adequate  for  protein,  nutrient 
elements  and  vitamins  and  are  not  excessive  in  energy  value. 
These  types  of  advice,  presented  in  Chapter  11,  aie  soun  ases 
for  the  formation  of  food  habits  which -will  prevent  obesity. 

The  main  essential  characteristics  of  a  reducing  diet  are  t  a 
it  shall  supply  an  intake  of  calories  substantia  y  ess  t  a 
u  tomary  food  intake  of  the  individual  and  a.  the  same  time  t 
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tion  in  weight  will  encourage  the  patient  to  continue  with  the 
diet.  A  suitable  reducing  diet  for  most  individuals  is  one  which 
provides  800  to  1,000  calories  a  day.  Such  a  diet  will  give  an 
encouraging  reduction  in  weight,  and  it  is  possible  to  include 
foods  which  will  furnish  adequate  nutrition  without  the  use  of 
supplements.  To  reduce  the  calorie  intake  of  most  people  below 
1,000  per  day  it  is  necessary  to  change  food  habits  by  omission 
of  sweet  foods  such  as  cake,  pastry,  candy  and  soft  drinks,  and  by 
marked  restriction  in  the  ingestion  of  starch  and  fat.  Skim  milk 
should  be  advised  in  place  of  whole  milk.  Bread  is  restricted  to 
one  slice  a  day.  Potatoes  may  be  omitted.  Visible  fat  on  meat 
should  not  be  eaten.  Methods  of  cooking  which  involve  the  addi¬ 
tion  of  fat,  such  as  frying,  should  not  be  used. 

Popular  articles  in  magazines  frequently  contain  reducing  diets 
which  often  cause  a  reduction  in  calorie  intake  by  being  unappe¬ 
tizing  if  used  for  any  length  of  time.  Many  of  these  special  diets 
are  nutritionally  inadequate.  It  is  useful  to  consider  food  selec¬ 
tion  from  the  Basic  Seven  as  a  nucleus  of  a  reducing  diet.  A 
possible  selection  with  values  for  calories  and  protein  is  as 
follows: 


Calories 

Protein 

3  cups  skim  milk 

260 

25 

1  medium  orange 

70 

1 

1  serving  cabbage 

40 

2 

1  serving  carrots 

44 

1 

1  serving  oatmeal 

148 

5 

1  slice  enriched  bread 

64 

2 

1  serving  lean  meat 

197 

23 

Total 

823 

59 

This  selection  of  foods  can  be  arranged  in  meals  in  this  way: 
Breakfast:  orange,  oatmeal,  1  cup  milk. 

Lunch:  cabbage  salad,  1  slice  bread,  1  cup  milk. 
Dinner:  lean  beef,  carrots,  1  cup  milk. 

Fruit,  such  as  a  peach,  a  small  apple,  or  a  small  bunch  of 

grapes  can  be  added  for  dessert  without  serious  increase  in 
calories. 

A  diet,  selected  on  the  basis  used  above,  has  an  advantage  in 
supplying  ample  amounts  of  protein,  nutrient  elements  and 
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vitamins.  Alternative  foods,  to  provide  variety  without  affecting 
the  nutritive  value  can  be  selected  easily.  A  boiled  or  a  poached 
egg  can  replace  oatmeal.  One  half  grapefruit  can  be  used  in  place 
of  an  orange. 


LIQUID  AND  SOFT  DIETS 

After  operations,  in  acute  infection,  and  for  patients  with 
inflammatory  conditions  of  the  gastro-intestinal  tract,  liquid 
diets  may  be  prescribed.  As  recovery  occurs,  the  liquid  diets  give 
way  to  soft  diets  which  are  continued  until  more  solid  food  may 
be  used.  In  both  liquid  and  soft  diets  the  emphasis  is  upon  ease 
of  digestibility,  and  the  principal  food  item  is  milk.  Frequent 
feedings  are  usually  given. 

Liquid  diets  consist  mainly  of  milk.  Other  foods  which  may 
be  included  are:  strained  fruit  juices,  strained  gruels,  broths,  egg 
nogs,  ice  cream  and  ices.  The  calorie  value  of  milk  can  be 
increased  by  the  addition  of  sugar,  or  corn  syrup,  or  cream  if 
extra  fat  is  not  contraindicated.  The  value  of  an  inci eased 
intake  of  protein  for  postoperative  patients  is  recognized.  The 
protein  content  of  milk  may  be  increased  cheaply  by  mixing 
skim  milk  powder  into  the  milk;  a  suitable  amount  is  1  table¬ 
spoon  of  skim  milk  powder  in  6  ozs.  of  milk.  Protein  hydrolysates 
have  not  been  shown  to  possess  advantages  which  justify  the 
cost.  A  similar  statement  can  be  made  with  regard  to  expensive, 

special  protein  supplements. 

Soft  diets  are  regarded  generally  as  intermediate  between  liquid 
and  light  diets.  A  number  of  foods  may  be  included  in  soft  diets. 
Those  foods  which  contain  appreciable  indigestible  residue  are 
not  included.  Salads  are  not  used.  Foods  which  may  be  used  in 

soft  diets  are  as  follows: 

Milk,  cream,  butter  or  margarine 
Fruit  juices 

Cooked  or  canned  fruits  free  of  skins  and  fiber 

Bananas  _ 

Cooked  vegetables:  asparagus  tips,  peas,  carrots,  squas 

Soft  cooked  eggs  but  not  fried  eggs 
Broths  and  cream  soups 
Chicken,  fish,  ground  beef 
Ice  cream  and  ices 


Bland,  Nonirritating  Diets 


In  planning  soft  diets  the  following  foods  should  be  avoided, 
fried  foods,  pickles,  strongly  flavored  vegetables  like  Brussels 
sprouts,  cabbage,  turnips,  tough  meat  containing  gristle,  smoked 
meat  or  fish,  raw  fruits  except  bananas,  nuts,  cereals  containing 
bran,  coarse  bread.  Only  slight  or  moderate  amounts  of  spices 
and  seasonings  should  be  used  in  cooking. 

If  liquid  or  soft  diets  are  to  be  used  for  more  than  a  few  days, 
attention  should  be  given  to  the  provision  of  protein,  nutrient 
elements  and  vitamins.  Adequate  protein  may  be  supplied  by 
frequent  service  of  milk  to  which  skim  milk  powder  has  been 
added.  Six  glasses,  each  containing  6  ozs.  of  milk  and  1  tablespoon 
of  skim  milk  powder,  will  furnish  55  Gm.  of  complete  protein. 
Egg  nogs  increase  the  intake  of  iron  and  of  B  vitamins.  Strained 
orange  juice  will  supply  ascorbic  acid.  If  the  patient  cannot 
tolerate  strained  fruit  juice,  ascorbic  acid  tablets  should  be 
prescribed. 


BLAND,  NONIRRITATING  DIETS 

Bland,  nonirritating,  or  low-residue  diets  are  essential  in  the 
treatment  of  many  disorders  of  the  gastro-intestinal  tract.  The 
purpose  of  a  bland  diet  is  to  diminish  the  secretion  of  gastric 
juice,  to  decrease  peristalsis  and  to  reduce  inflammation  of  the 
gastro-intestinal  tract.  A  diet  very  low  in  indigestible  residue  is 
used  before  and  after  operations  on  the  colon  or  the  rectum,  in 
cases  of  serious  diarrhea  and  in  the  treatment  of  colitis.  In  any 
of  these  diets  care  should  be  taken  to  ensure  that  the  nutrition 
needs  of  the  patient  are  met. 

In  the  treatment  of  peptic  ulcers  a  bland  diet  is  used  to 
deciease  the  secretion  of  gastric  juice.  Irritating  foods  are  contra¬ 
indicated.  Foods  are  selected  which  will  neutralize  stomach  acid¬ 
ity.  Fat,  in  easily  digested  form  as  in  cream  and  whole  milk, 
delays  the  emptying  time  of  the  stomach  and  reduces  motility. 
The  first  really  successful  dietary  treatment  of  peptic  ulcer  was 
introduced  by  Sippy  in  1915.23  Actually,  diet  constituted  only 
part  of  the  treatment  described  by  Sippy.  For  the  first  few  days 
of  treatment,  the  patient  is  given  3  ozs.  of  a  mixture  of  equal 
parts  of  milk  and  cream  every  hour  during  the  day.  If  the  condi¬ 
tion  of  the  patient  permits,  soft  eggs  and  cooked  cereals  are 


278 


Special  Diets 


begun  on  about  the  3rd  day.  To  counteract  acidity,  Sippy  advo¬ 
cated  the  administration  of  alkaline  powders  every  hour  between 
feedings.  As  the  patient  progressed,  soft  and  easily  digested  foods, 
such  as  cream  soups  and  vegetable  purees  are  included.  Use  of 
the  Sippy  diet  has  been  found  undesirable  because  the  hourly 
feedings  are  a  nuisance  and,  more  particularly,  because  the  diet 
lacks  ascorbic  acid  and  is  low  in  protein. 

While  milk  has  continued  to  be  the  principal  item  in  bland 
diets,  there  has  been  progress  in  recent  years  in  using  a  less  rigid 
and  more  liberal  diet.  It  has  been  found  that  an  increased  intake 
of  protein  facilitates  treatment  and  that  a  more  natural  diet  is 
beneficial,  at  least  mentally.  In  the  first  stage  of  treatment,  milk 
is  the  only  food  permitted,  and  it  continues  to  be  the  important 
item  as  the  diet  is  diversified.  Raw,  soft-boiled  or  poached  eggs 
are  used,  generally  from  2  to  6  eggs  a  day.  Well-cooked  whole 
grain  cereals  are  included,  as  are  cooked  or  canned  fruits.  Orange 
juice  is  advised  after  the  first  2  weeks  of  treatment,  unless  it 
cannot  be  tolerated.  If  orange  juice  is  not  used,  ascorbic  acid 
tablets  should  be  given.  Protein  intake  can  be  increased  by 
mixing  skim  milk  powder  with  fluid  milk.  Fiequent  feedings  aie 
essential,  and  it  has  been  found  desirable  to  recommend  that  milk 
be  taken  every  2  hours.  As  the  patient  improves  a  varied  diet 
may  be  used.  Foods  which  may  be  included  or  should  be  omitted 

are  as  follows: 

Permitted  Foods 

Milk,  cream,  butter,  margarine 
Eggs,  except  fried 
Cream  and  cottage  cheese 
Old  white  bread,  crackers,  toast 
Well-cooked  cereals 
Cooked  or  canned  fruits,  except 
berries 
Bananas 

Ground  or  tender  beef,  chicken, 
fish 

Cooked  vegetables,  except  dried 
beans,  corn  and  strongly 
flavored  vegetables 

In  bland  and  nonirritating  diets,  milk  is  the  food  on  which 


Foods  Not  Allowed 

Fried  foods 

Aged  cheddar  cheese 

Fresh  bread,  whole  grain  bread 

Bran 

Raw  fruit,  except  bananas 
Smoked  or  cured  meats 
Strongly  flavored  vegetables 
Corn,  dried  beans 
Tea,  coffee,  alcoholic  beverages 
Spices,  except  in  moderation 


Diabetic  Diets 


279 


reliance  is  placed.  If  a  diet  very  low  in  residue  is  required,  milk 
cannot  be  used.  Ordinarily,  indigestible  residue  is  thought  to  be 
left  from  foods  because  of  their  cellulose  content.  1  his  is,  of 
course,  true.  The  cellulose  in  whole  grain  bread  and  cereals  and 
in  vegetables  and  fruit  remains  as  a  residue  after  digestion  and 
contributes  to  fecal  bulk.  However,  milk  does  contribute  a 
substantial  residue  and  should  not  be  used  in  cases  of  severe 
diarrhea.  In  constructing  a  diet  moderately  low  in  residue,  milk 
may  be  used.  The  following  foods  are  omitted  because  of  cellu¬ 
lose  content:  whole  grain  bread  or  cereal  (unless  the  cereal  is 
strained),  raw  fruit  and  vegetables  with  the  exception  of  ripe 
bananas.  It  should  be  noted  that  tender  meats,  free  of  gristle, 
are  low  in  residue  and  can  be  used  to  supply  protein.  A  diet 
devised  to  be  very  low  in  residue  is  likely  to  be  low  in  protein, 
nutrient  elements  and  vitamins  and  should  not  be  used  for  a  long 
period  without  supplementation. 

DIABETIC  DIETS 

Diabetes  mellitus  is  primarily  due  to  a  failure  to  utilize  sugar 
caused  by  an  inadequate  supply  of  insulin.  The  unused  sugar 
accumulates  in  the  blood  and  is  excreted  in  the  urine.  As  the 
disease  progresses  there  is  an  increased  catabolism  of  protein 
and  of  fat  giving  an  increased  amount  of  endogenous  sugar. 
Finally,  fat  metabolism  may  be  so  distorted  as  to  cause  ketosis. 

Prior  to  the  availability  of  insulin,  the  only  treatment  for 
diabetes  was  undernutrition  with  a  severe  restriction  in  the  use 
of  carbohydrate.  Following  the  advent  of  insulin  various  schools 
of  thought  with  regard  to  diabetic  diets  developed.  For  some 
years  there  was  continued  in  some  clinics  a  marked  restriction 
in  carbohydrate.  Other  opinions  favored  a  high  intake  of  fat. 
There  were,  also,  claims  for  a  high  intake  of  carbohydrate.  In 
tecent  years  the  general  tendency  has  been  to  diets  as  nearly 
normal  as  possible.  This  trend  to  normal  diets  in  diabetes  and 
in  other  clinical  conditions  has  been  due,  in  part,  to  the  recogni¬ 
tion  that  people  are  better  if  they  are  comfortable,  if  they  are 
encouraged  to  overcome  handicaps  and  to  lead  normal  lives,  and 
if  they  are  not  set  apart  as  invalids.  The  trend  to  fairly  normal 
diets  and  to  a  more  comfortable  existence  has  been  promoted 
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by  the  availability  of  insulin  preparations  having  a  slower  onset 
of  effect  and  more  prolonged  action.  However,  claims  have  been 
made  for  high  intakes  of  fat  on  the  basis  that  such  a  diet  rests 
the  pancreas.  Since  many  diabetics  are  in  the  older  age  groups, 
a  liberal  supply  of  fat  may  promote  the  development  of  athero¬ 
sclerosis.  This  is  one  of  the  arguments  of  those  who  have  advo¬ 
cated  a  low  intake  of  fat  and  a  high  intake  of  carbohydrate. 
Such  a  diet  has  been  claimed,  also,  to  stimulate  the  pancreas  and 
to  promote  the  secretion  of  endogenous  insulin. 

In  the  dietetic  treatment  of  diabetes  there  do  appear  to  be 
two  points  of  general  acceptance.  The  calorie  value  of  the  diet 
should  not  be  excessive;  the  diet  should  be  such  that  the  body 
weight  of  the  patient  will  be  brought  to  “normal”  and  kept  at 
or  slightly  below  a  suitable  weight  for  height  and  age.  Obesity  is 
recognized  as  a  predisposing  factor  in  the  development  of  dia¬ 
betes  in  older  persons.  A  reduction  in  body  weight  in  an  older 
patient  with  mild  diabetes  may,  by  itself,  cause  carbohydrate 
metabolism  to  return  to  normal.  A  second  point  of  general  agree¬ 


ment  is  that  the  protein  intake  should  be  fairly  generous.  This 
makes  possible  a  more  appetizing  diet,  and  the  liberal  supply 
of  protein  may  be  beneficial  to  the  patient. 

It  is  unwise  to  attempt  to  set  a  general  pattern  of  diabetic 
diets.  Rather,  the  planning  of  a  diet  should  be  based  specifically 
on  the  needs  of  the  particular  individual  and  can  be  determined 
best  by  the  attending  physician  after  careful  observation  of  the 
patient.  The  main  considerations  are:  (1)  to  attempt  to  balance 
the  failure  in  carbohydrate  metabolism  by  reduction  in  carbo¬ 
hydrate  intake  without  the  use  of  insulin  (this  may  be  possible  in 
a  considerable  number  of  mild  diabetics);  (2)  to  arrange  a  diet 
which,  in  conjunction  with  administered  insulin  will  give  fairly 
normal  carbohydrate  metabolism;  (3)  to  provide  adequate  nutri¬ 
tion  with  a  diet  which  the  patient  can  and  will  use  for  a 

^For  most^ diabetics  the  total  calorie  intake  is  about  the  same 
as  for  normal  individuals  and  estimates  of  requirements  given  in 
Chanter  3  can  be  used.  In  that  chapter  it  was  pointed  out  that 
Calorie  allowances  should  be  estimated  for  the  “ideal  weight  ol 
an  individual  and  not  for  actual  weight  unless  this  is  close 
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the  ideal  figure.  Planning  calorie  intakes  on  this  basis  makes 
possible  a  gain  in  weight  for  underweight  persons  and  a  loss  in 
weight  for  those  who  are  overweight.  In  most  cases  calorie  inta  es 
of  2,000  to  2,500  are  sufficient. 

The  amount  of  protein  to  be  included  depends  upon  body 
weight  and  whether  or  not  there  is  a  special  need  as  in  the  case 
of  children.  For  children,  a  suitable  supply  is  2  to  3  Gm.  per  Kg. 
of  body  weight;  for  adults,  the  protein  intake  is  calculated  on  the 
basis  of  1  to  1.5  Gm.  per  Kg.  of  body  weight.  Total  protein  for 
adults  will  be  about  50  to  70  Gm.  per  day.  A  considerable  poi- 
tion  of  the  protein  should  be  complete,  and  reliance  is  placed 
on  animal  protein  from  such  foods  as  meat,  fish,  fowl,  eggs,  milk 
and  cheese.  It  should  be  noted  that  these  foods  contribute  iron, 
calcium  and  other  elements  and  substantial  amounts  of  various 
B  vitamins. 

Most  diabetic  diets  now  prescribed  contain  about  40  per  cent 
of  the  total  calories  from  fat,  supplied  by  meat,  butter,  cream, 
eggs  and  cheese.  This  proportion  of  fat  is  roughly  similar  to  that 
used  generally  by  the  populations  of  the  United  States  and 
Canada.  Recent  studies  on  atherosclerosis  have  focused  attention 
on  a  possibly  harmful  effect  of  this  much  fat  (see  Chap.  5).  Since 
atherosclerosis  has  often  been  a  complication  in  diabetes,  there 
may  be  a  trend  toward  diets  containing  less  fat. 

The  amount  of  carbohydrate  permitted  depends  upon  the 
condition  of  the  individual  patient.  Carbohydrates  are  obtained 
from  bread,  breakfast  cereal,  fruit,  vegetables  and  milk.  It  is 
essential  that  the  amount  of  carbohydrate  be  kept  fairly  con¬ 
stant  from  day  to  day.  At  the  same  time  variety  in  the  use  of 
foods  is  desirable  to  prevent  monotony.  Various  tables  are  avail¬ 
able  showing  the  carbohydrate  equivalents  of  various  foods.  A 
simplified  method  of  calculating  diabetic  diets  was  published  in 
1950  by  a  joint  committee  representing  the  United  States  Pub¬ 
lic  Health  Service,  the  American  Dietetic  Association  and  the 
Ameiican  Diabetic  Association.  This  method  provides  a  simple 
method  for  calculating  total  calories  from  the  ideal  weight.  All 
common  foods  are  divided  into  6  groups  on  the  basis  of  compo¬ 
sition.  Exchange  values  for  the  various  foods  are  given  so  that  a 
variety  may  be  used  and  the  carbohydrate  contributions  can  be 
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calculated  quickly  from  the  exchange  values.  Vegetables  are 
classified  on  a  very  simple  and  practical  basis  into  2  groups:  (1) 
those  that  contribute  negligible  carbohydrate  in  servings  gener¬ 
ally  eaten;  (2)  those  that  supply  about  7  Gm.  of  carbohydrate  for 
average  servings.  Fruits  are  listed  m  terms  of  the  size  of  serving 
necessary  to  furnish  10  Gm.  of  carbohydrate,  breads  and  cereals 
on  the  basis  of  servings  required  to  give  15  Gm.  of  carbohydrate. 
Complete  details  of  this  simplified  plan  may  be  obtained  from 
the  American  Dietetic  Association  or  from  the  American  Diabetic 
Association. 

The  varied  and  more  normal  diets  now  generally  used  make 
possible  the  provision  of  adequate  supplies  of  nutrient  elements 
and  of  vitamins  without  the  use  of  supplements. 

HIGH-PROTEIN  DIETS 

Left  to  their  own  devices,  people  in  the  United  States,  Great 
Britain  and  Canada  tend  to  select  foods  so  that  the  proportion 
of  total  calories  derived  from  protein  is  about  10  to  12  per  cent. 
This  choice  is  likely  to  give  sufficient  protein  for  normal  adults 
and,  since  meat  intake  is  likely  to  be  generous,  requirements  for 
essential  amino  acids  are  likely  to  be  satisfied.  An  increased  pro¬ 
portion  of  protein  is  recommended  when  growth  processes  are 
present,  as  in  childhood,  in  adolescence  and  during  pregnancy 
and  lactation.  An  increased  intake  of  protein  is  desirable  when 
there  is  need  for  considerable  replacement  of  tissue,  as  in  recov¬ 
ery  from  malnutrition  or  from  febrile  and  wasting  diseases. 
Generous  protein  intakes  may  improve  wound  healing  and  also 
the  restoration  of  liver  and  kidney  tissues. 

The  old  idea  that  high  protein  intakes  would  be  harmful  has 
been  largely  dispelled.  Today  there  is  no  thought  that  a  liberal 
intake  of  protein  will  cause  hypertension  or  liver  or  kidney 
damage.  High-protein  diets  are  now  commonly  recommended  for 
postoperative  care,  recovery  from  burns  and  other  trauma.  They 

are  also  used  as  reducing  regimens. 

Frequently,  high-protein  diets  are  advocated  for  persons  in 
whom  a  negative  nitrogen  balance  has  been  caused  by  one  or 
more  of  a  variety  of  factors.  In  badly  malnourished  persons  the 
nitrogen  balance  often  can  be  restored  to  a  positive  state  by  a 
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moderate  intake  of  protein  if  the  calorie  intake  is  made  adequate. 
When  stress  of  various  kinds  has  induced  increased  catabolism 
of  protein,  it  is  assumed  that  the  stress  has  caused  an  increased 
output  of  adrenal  steroid  hormones.  The  situation  can  be  likened 
to  a  water  reservoir  having  an  inflow  of  a  given  amount  of  water. 
If  the  outflow  equals  the  inflow,  the  level  in  the  reservoir  will 
remain  constant.  If  the  tap  at  the  bottom  of  the  reservoir  is 
opened  wider  and  if  the  intake  is  not  increased,  the  level  in  the 
reservoir  will  drop.  Even  with  an  mcieased  outflow  the  reservoir 
level  can  be  kept  constant  by  increasing  the  inflow.  This  is, 
basically,  the  argument  for  a  high-protein  diet  alter  stress.  It 
would  be  equally  useful  to  decrease  the  outflow,  if  that  were 
possible.  The  administration  of  suitable  amounts  of  growth  hor¬ 
mone  might  produce  a  positive  nitrogen  balance.  Under  some 
circumstances,  high-protein  diets  may  be  wasteful,  since  protein 
catabolism  may  keep  pace  with  intake.  However,  there  is  no 
doubt  that  high-protein  diets  have  proved  to  be  useful  in  post¬ 
operative  care  and  in  a  number  of  other  circumstances.  High- 
protein  diets  are  used  now  in  the  treatment  of  hepatitis  and  of 
cirrhosis.  Cases  of  peptic  ulcer  generally  are  improved  by  the 
use  of  a  high  protein  diet. 

There  are  contraindications  to  the  use  of  high-protein  diets, 
or  even  fairly  normal  intakes  of  protein.  The  main  work  done 
by  the  kidney  is  the  excretion  of  urea.  Protein  intake  is  re¬ 
stricted  to  rest  the  kidney  in  cases  of  acute  glomerulonephritis; 
water  and  salt  also  are  restricted.  In  the  nephrotic  stage,  the 
protein  intake  may  or  may  not  be  reduced,  but  a  rigid  reduction 
in  salt  and  water  is  generally  used.  Protein  intake  is  generally 
reduced  below  40  Gm.  a  day  in  cases  of  uremia. 

The  amount  of  protein  which  must  be  present  in  a  diet  to 
enable  the  diet  to  be  described  as  high-protein  will  depend  upon 
the  economic  conditions  of  the  area.  In  the  United  States  and 
Canada  a  customary  intake  of  protein  would  be  from  60  to 
70  Gm.  a  day.  In  most  parts  of  Africa  that  intake  would  be 
regarded  as  a  high-protein  diet.  American  and  Canadian  dieti¬ 
tians  would  not  classify  a  diet  as  high-protein  unless  it  contained 
more  than  90  Gm.  of  protein  per  day. 

A  high-protein  diet  may  be  liquid,  or  soft, 


or  normal  in  type 
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to  suit  the  condition  of  the  patient.  In  liquid  or  soft  diets  de¬ 
pendence  is  placed  on  milk  and  eggs.  These  may  be  combined  in 
eggnogs.  The  easiest  and  cheapest  way  to  increase  protein  intake 
is  by  adding  skim  milk  powder  to  milk,  with  or  without  eggs. 
Protein-reinforced  milk  can  be  used  with  great  advantage  as 
between-meal  feedings  for  patients  on  high-protein  regimens  and 
for  underweight  individuals,  even  when  the  person  is  on  a 
normal  type  diet.  It  is  advisable  that  most  of  the  protein  in  a 
high-protein  diet  be  complete  protein.  This  means  that  the  foods 
used  to  furnish  the  protein,  in  a  solid-type  diet  are  meat,  fowl, 
fish,  eggs,  cheese  and  milk.  Special  supplements  are  expensive 
and  unnecessary. 

LOW-FAT  DIETS 

The  relation  of  cholesterol  and  fat  to  atherosclerosis  was  dis¬ 
cussed  in  Chapter  5.  Following  demonstrations  that  the  feeding 
of  cholesterol  to  rabbits  would  increase  blood  cholesterol  and 
would  produce  atherosclerosis  in  that  species,  low-cholesterol 
diets  became  popular.  There  was  a  failure  to  realize  that  large 
amounts  of  cholesterol  can  be  synthesized  in  the  human  body 
from  carbohydrates.  It  is  possible  that  many  of  the  persons  who 
advocated  and  prescribed  low-cholesterol  diets  did  not  know  that 
cholesterol  is  synthesized  in  vivo.  It  is  recognized  now  that  varia¬ 
tions  in  cholesterol  intake  have  little  influence  on  the  blood  level 
in  humans. 

Low-fat  diets  have  become  increasingly  fashionable  in  the  past 
year  and  are  likely  to  be  increasingly  popular  in  the  immediate 
future.  Unfortunately,  diets  may  be  prescribed  because  they  are 
fashionable  and  not  because  they  are  actually  needed.  A  low-fat 
diet  is  likely  to  be  unappetizing  and,  if  followed,  may  cause  the 
patient  to  receive  less  food  than  is  ordered  to  meet  energy  re¬ 
quirements.  Two  recent  instances  will  illustrate  this  point.  An 
older  person  with  incipient  Parkinson’s  disease  was  placed  on  a 
low-fat  diet  with  severe  warnings  that  the  diet  must  be  followed 
to  prevent  deterioration.  This  stricture  had  no  scientific  basis. 
The  physician  was  currently  interested  in  low-fat  diets.  The 
patient  lost  weight  as  a  consequence  of  a  failure  to  ingest  suffi¬ 
cient  food  and  became  listless  and  fatigued.  Transfer  to  a  normal 
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diet  save  definite  improvement.  An  older  man.  placed  on  a  low- 
fat  diet  for  a  similar  reason  (or  lack  of  reason)  had  comparable 
consequences.  In  his  case  also  a  normal  diet  gave  real  nn- 
provement. 

There  is  no  doubt  that  fat  intake  is  generally  liberal  in  the 
United  States  and  Canada.  Evidence  relating  fat  intake  to  the 
level  of  blood  cholesterol  and  to  the  incidence  of  atherosclerosis 
is  sufficiently  strong  to  warrant  consideration  of  the  health  value 
of  a  reduction  in  the  use  of  fat.  How  far  that  reduction  should 
go  is  a  matter  of  opinion.  The  same  can  be  said  for  the  meaning 
of  the  term  “low-fat  diet.”  In  Chapter  5  it  was  pointed  out  that 
there  are  reasons  for  concluding  that  about  25  per  cent  of  the 
total  calories  should  be  furnished  by  ingested  fat.  A  diet  con¬ 
taining  that  proportion  of  fat  means  a  definite  reduction  in  fat 
intake  for  most  people  in  the  United  States  and  Canada.  A 
restriction  to  that  extent  could  be  an  advantage.  Palatable  meals 
can  be  provided  with  such  a  diet  but  not  when  fat  intake  is 
reduced  to  10  per  cent  or  less  of  the  total  calories.  On  the  basis 
of  present  information,  it  is  suggested  that  fat  intake  be  reduced 
below  the  25  per  cent  level  only  when  it  is  established  that  a 
very  low  intake  will  be  beneficial  to  the  patient.  For  a  moderate 
reduction  the  visible  fat  should  be  trimmed  from  meat,  low-fat 
milk  should  be  used,  and  there  should  be  a  restriction  in  the  use 
of  butter  or  margarine. 

LOW-SODIUM  DIETS 

Sodium  has  dietetic  importance  because  it  occurs  in  extra¬ 
cellular  fluid  in  the  body  and  the  osmotic  pressure  of  such  fluid 
is  largely  dependent  on  the  sodium  concentration.  Water  con¬ 
stitutes  about  70  per  cent  of  the  lean  body  weight.  The  water  is 
distributed  between  the  cell  contents  (intracellular  fluid)  and 
extracellular  fluid,  consisting  of  blood  plasma  and  interstitial 
fluid.  About  three  fourths  of  the  total  body  water  is  intracellular, 
and  the  balance  is  extracellular.  The  exchange  of  water  between 
cells  and  the  surrounding  liquid  is  influenced  markedly  by 
osmotic  pressure,  and  sodium  ions  have  a  profound  effect  on  the 
osmotic  pressure.  A  deficiency  of  sodium  reduces  the  osmotic 
pressuie  of  extracellular  fluid  and  causes  a  transfer  of  water  into 
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the  cells.  If  the  sodium  concentration  in  extracellular  fluid  is 
increased,  a  movement  of  water  from  the  cells  to  the  extra¬ 
cellular  fluid  takes  place.  Low-sodium  diets  are  used  to  reduce 
the  concentration  of  sodium  in  the  extracellular  fluid,  to  bring 
about  consequently  a  transfer  of  water  into  the  cells  from  the 
blood  plasma  and  from  interstitial  fluid,  and  to  cause  a  reduction 
in  the  amount  of  body  water. 

Lowr-sodium  diets  are  used  in  the  treatment  of  nephritis,  espe¬ 
cially  when  edema  is  present.  Diets  very  low  in  sodium  have 
been  advocated  for  the  treatment  of  essential  hypertension;  the 
value  of  such  treatment  is  not  firmly  established.  A  low-sodium 
diet  which  received  considerable  attention  was  the  “rice  diet” 
advocated  by  Kempner.24  The  Kempner  diet  consists  of  rice  and 
fruit  with  free  use  of  sugar.  The  diet  is  very  low  in  fat  and 
sodium  and  is  low  in  protein.  Marked  differences  of  opinion 
have  been  expressed  about  the  therapeutic  value  of  the  Kempner 
diet.  It  is  unpleasant  for  the  patient,  is  monotonous  and,  if  it 
were  followed  for  any  length  of  time,  would  cause  inanition  and 
malnutrition. 

Low-sodium  diets  are  being  used  for  the  prevention  and  the 
treatment  of  the  toxemias  of  pregnancy.  Pregnancy  toxemias  are 
characterized  by  an  increase  in  blood  pressure  and  by  an  accumu¬ 
lation  of  fluid.  The  low-sodium  diet  may  have  value  in  both 
prevention  and  therapy. 

There  are  at  least  two  disadvantages  to  the  use  of  low-sodium 
diets,  especially  for  more  than  a  few  days.  A  prolonged  use  of  a 
diet  very  low  in  sodium  can  cause  sodium  deficiency  with  unde¬ 
sirable  and  harmful  effects.  Since  iodized  salt  is  the  main  source 
of  iodine  in  most  of  the  United  States  and  Canada,  and  since 
salt  is  omitted  in  the  construction  of  a  low-sodium  diet,  the 
prolonged  use  of  such  a  diet  can  bring  about  iodine  deficiency. 
This  is  particularly  the  case  during  pregnancy. 

Various  degrees  of  sodium  restriction  are  recommended.  A  diet 
moderately  low  in  sodium  can  be  secured  by  not  adding  salt  to 
foods  at  the  table  and  during  cooking.  For  a  severe  restriction  in 
sodium,  foods  must  be  selected  or  omitted  on  the  basis  of  sodium 
content.  Unsalted  butter  and  sodium-free  milk  (prepared  by 
dialysis  of  milk)  are  used.  A  number  of  fruits  and  vegetables, 
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preserved  meats,  salted  bread  and  crackers  must  be  omitted. 
Further  evidence  regarding  the  real  value  of  low-sodium  diets 
would  be  helpful. 

PRECAUTIONS  IN  THE  USE  OF  SPECIAL  DIETS 

In  the  introduction  to  this  chapter  emphasis  was  placed  on 
the  use  of  special  diets  only  when  definitely  indicated  and  on  the 
importance  of  meeting  the  nutrition  needs  of  the  patient.  There 
is  no  justification  in  prescribing  a  diet  because  it  is,  at  the  time, 
fashionable.  A  special  diet  should  benefit  the  patient  and  not 
cause  harm.  A  reduction  in  the  number  of  special  diets  to  those 
actually  justified  would  distinctly  benefit  hospitals  and  patients. 

Further  emphasis  should  be  given  to  the  education  of  the 
patient  and  the  attendants.  Such  education  is  best  given  by  the 
physician,  who  should  take  the  time  to  do  so.  The  reasons  for  the 
diet  and  for  its  contents  should  be  explained  so  that  the  patient 
can  understand  why  he  should  adhere  to  the  recommendation. 
With  suitable  motivation,  there  is  much  better  chance  that  the 
dietary  pattern  will  be  followed. 

In  planning  any  special  diet  attention  should  be  given  to  the 
religious  practices  and  food  habits  of  the  patient.  In  the  case  of 
an  Orthodox  Jew,  meat  and  milk  should  not  be  included  in  the 
same  meal,  and  forbidden  foods  should  not  be  included.  Meat 
should  not  be  ordered  for  Roman  Catholics  on  Fridays  or  on  fast- 
days.  Very  frequently,  a  hospital  patient  would  be  more  content  if 
he  were  given  foods  to  which  he  is  accustomed.  This  may  be  im¬ 
possible  with  some  special  diets.  However,  if  bread  is  used  it 
could  be  rye  bread  lor  those  patients  who  have  marked  preference 
for  it. 

The  proper  feeding  of  a  hospital  patient  should  be  regarded 
as  an  essential  part  of  the  recovery  process.  Every  effort  should 
be  made  to  plan  diets  which  will  satisfy  nutrition  requirements, 
and  meals  should  be  appetizing.  “Hot”  foods  should  be  hot.  The 
appetite  of  a  sick  person  may  not  be  good,  and  he  should  be 
encouraged  to  eat  the  foods  that  will  promote  recovery.  Even  a 
well  person  would  object  to  a  plate  of  cold  stew. 

In  addition  to  special  diets  prescribed  by  physicians  for  the 
treatment  of  disease,  other  special  diets  are  recommended  with 
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some  frequency  in  magazines  and  in  books  written  by  self-alleged 
experts.  Many  of  these  diets  are  claimed  to  be  reducing  ones. 
Others  are  advised  for  the  prevention  and  the  treatment  of 
disease.  Some  of  these  diets  can  do  more  harm  than  good.  A 
magazine  may  advise  its  readers  to  follow  a  particular  reducing 
diet  without  suitable  consideration  of  the  effects  of  that  diet. 
Many  examples  could  be  cited.  One  diet,  named  “Fabulous  For¬ 
mula,’’  was  roundly  condemned,  and  properly  so,  by  the  Ameri¬ 
can  Medical  Association.  That  diet  was  inadequate  and  was 
similar  in  composition  to  one  used  to  produce  fatty  livers  in 
experimental  animals.  There  is  one  safe  rule  regarding  these 
promoted  diets:  they  should  not  be  used  without  the  advice  of 
a  physician. 

Therapeutic  or  preventive  claims  are  made  frequently  for 
particular  foods.  Crude  molasses  was  claimed  by  several  “authori¬ 
ties”  to  have  beneficial  effects,  particularly  when  combined  with 
wheat  germ.  Such  claims  could  not  succeed  unless  the  public 
were  ignorant  of  the  basic  principles  of  nutrition  and  were 
gullible.  Reliable  information  regarding  such  claims  can  be 
obtained  from  physicians  and  health  departments. 


REFERENCES 


1.  Huggett,  A.  St.  G.:  Physiol.  Rev.  21:438,  1941. 

2.  Stander,  H.  J.,  and  Pastore,  J.  B.:  Am.  J.  Obst.  &  Gynec.  39:928, 
1940. 

3.  Recommended  Dietary  Allowances,  Washington,  National  Academy 
of  Sciences— Nat.  Res.  Council,  publication  302,  1953. 

4.  Canad.  Dietary  Standard,  Bull.  Canad.  Council  on  Nutrition  vol. 
2:No.  1,  1950. 

5.  McGanity,  W.  J.,  Cannon,  R.  O.,  Bridgforth,  E.  B„  Martin,  M.  P., 
Densen,  P.  M.,  Newbill,  J.  A.,  McClellan,  G.  S.,  Christie,  A.,  Peter¬ 
son,  J.  C.,  and  Darby,  W.  J.:  Am.  J.  Obst.  &  Gynec.  67:491,  1954. 

6.  Beaton,  G.  H.,  Ryu,  M.  H.,  and  McHenry,  E.  W.:  Endocrinology 

57:748,  1955. 

7.  Duckworth,  J.,  and  Warnock,  G.  M.:  Nutrition  Abstr.  &  Rev.  1-: 

167,  1942-43.  1B  ,nl 

8.  Garry,  R.  C.,  and  Wood,  H.  O.:  Nutrition  Abstr.  &  Rev.  15:591, 


9. 

10. 


1946. 

Kemp,  W.  N.:  Canad.  M.  A.  J.  41:356,  1939. 
Oldham,  H.  G.,  Sheft,  B.  B„  and  Porter,  T.: 


J.  Nutrition  41:231, 


1950. 


References 


289 


11.  McGanity,  W.  J.,  McHenry,  E.  W.,  Van  Wyck,  H.  B.,  and  Watt. 
G.  L.:  J.  Biol.  Chem.  178:511,  1949. 

12.  Ferguson,  M.  E.,  Bridgforth,  E.,  QuaifFe,  M.  L.,  Martin,  M.  P., 
Cannon,  R.  O.,  McGanity,  W.  J.,  Newbill,  J.,  and  Darby,  W.  J.: 
J.  Nutrition  55:305,  1955. 

13.  People’s  League  of  Health:  Brit.  M.  J.  2:77,  1942. 

14.  Ebbs,  J.  H.,  Tisdall,  F.  F.,  Scott,  W.  A.,  Moyle,  W.  J.,  and  Bell,  M.: 
Canad.  M.  A.  J.  46:1,  1942. 

15.  Burke,  B.  S.,  Beal,  V.  A.,  Kirkwood,  S.  B.,  and  Stuart,  H.  C.:  Am. 
J.  Obst.  &  Gynec.  46:38,  1943. 

16.  McGanity,  W.  J.,  Bridgforth,  E.  B.,  Martin,  M.  P.,  Newbill,  J.  A., 
and  Darby,  W.  J.:  J.  Am.  Dietet.  A.  31:582,  1955. 

17.  Smith,  C.  A.:  Am.  J.  Obstet.  &  Gynec.  53:599,  1947. 

18.  Newburgh,  L.  H.:  Arch.  Int.  Med.  70:1033,  1942. 

19.  A.  Life  Insur.  M.  Dir.  America:  Medico-Actuarial  Mortality  Investi¬ 
gation,  vol.  1,  New  York,  1912. 

20.  Keys,  Ancel:  Chapter  2  in  Weight  Control,  Ames,  Iowa,  Iowa  State 
College  Press,  1955. 

21.  McHenry,  E.  W.,  Crawford,  R.,  and  Barber,  L.:  Canad.  T.  Pub 
Health  38:437,  1947. 

22.  Armstrong,  D.  B„  Dublin,  L.  I.,  Wheatley,  G.  M.,  and  Marks  A  B  * 
J.A.M.A.  147:1007,  1951. 

23.  Sippy,  B.  W.:  J.A.M.A.  64:1625,  1915. 

24.  Kempner,  W.:  Am.  J.  Med.  4:545,  1948. 


CHAPTER  13 


Evaluation  of 
Nutritional  Conditions 


INTRODUCTION 


Various  meanings  are  applied  to  the  word  “malnutrition,  and 
various  terms  are  used  for  the  nutrition  condition  of  an  individ¬ 
ual  or  of  a  group.  While  the  literal  meaning  of  malnutrition  is 
poor  or  unsatisfactory  nutrition,  the  word  frequently  is  used  only 
for  deficiencies.  Obesity  is  the  result  of  unsatisfactory  nutrition 
and  may  be  more  harmful  than  mild  deficiencies  in  the  United 
States  and  Canada.  Restriction  of  the  word  malnutrition  to  defi¬ 
ciencies  leads  to  a  viewpoint,  prevalent  among  nutritionists  for 
some  years,  that  only  deficiencies  should  be  sought  and  studied. 
Nutritionists  neglected  overweight  and  obesity  for  a  considerable 
period.  In  this  book,  malnutrition  will  have  the  literal  meaning 
and  will  be  applied  to  conditions  caused  by  deficiencies  and 


excesses  in  the  supplies  of  nutrients. 

The  nutrition  status  or  nutrition  condition  of  an  individual 
or  of  a  population  is  the  level  of  health  resulting  from  the  intake 
and  the  utilization  of  nutrients.  One  word  has  been  used  by 
Dann  and  Darby.1  They  employed  “nutriture”  as  meaning  con¬ 
dition  as  to  nourishment”  and  stated  that  nutriture  could  be 
relative  to  one  nutrient  or  relative  to  all  nutrients  with  the  term 
“general  nutriture.”  The  nutriture  or  nutrition  status  can  be 
classified  as  (1)  excess,  (2)  optimal,  (3)  deficient 

The  nutrition  condition  is  the  consequence  of  the  interplay  o 
several  factors.  The  intake  of  nutrients  is  the  basic  factor.  Th 
supply  of  nutrients  reaching  the  tissues  of  the  body  is  depen  en 
on  the  efficiency  of  digestion  and  absorption.  An  adequat 
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amount  of  a  nutrient  may  be  ingested,  but  the  full  amount  may 
not  be  absorbed.  A  metabolic  aberration  may  alter  the  utilization 
of  the  nutrient  after  it  has  been  absorbed  and  has  reached  the 
tissues.  The  health  of  an  individual,  as  influenced  by  nutrition, 
will  be  optimal  only  when  a  proper  supply  of  nutrients  is  in¬ 
gested,  absorbed  and  utilized  normally.  In  this  sequence  of 
influences,  the  intake  is  of  primary  importance.  The  nutriture 
of  an  individual  cannot  be  better  than  the  food  intake  but  it 
can  be  worse  than  is  indicated  from  the  supply  of  food.  A  study 
of  nutrition  conditions  begins  with  evaluation  of  the  food  intake 
but  is  not  complete  without  an  examination  of  individuals  to 
determine  the  state  ol  health  from  the  viewpoint  of  nutrition. 


STUDIES  OF  FOOD  INTAKE 
Food  Supplies  in  a  Country  or  a  Community 
Frequently,  the  food  intakes  of  individuals,  families  and  of 
groups  are  studied.  The  first  consideration,  however,  is  an  appraisal 
of  the  kinds  and  the  quantities  of  foods  available  for  use  in  a  com¬ 
munity  or  in  a  country.  Food  cannot  be  eaten  unless  it  is  avail¬ 
able.  It  is  possible  to  misinterpret  data  of  individual  or  family 
food  use  it  information  regarding  market  conditions  is  unavail¬ 
able  or  has  not  been  sought.  From  records  of  family  food  use 
taken  at  a  particular  time,  we  might  conclude  that  consumption 
ol  citrus  fruit  was  small  because  the  families  did  not  appreciate 
t  ie  value  ol  citrus  fruit.  The  actual  conditions  might  be  that  at 
t  le  time  of  the  survey  citrus  fruit  was  scarce  and  expensive 
Sti,d‘es  of  food  .make  can  start,  profitably,  with  appraisal  of 
od  supplies.  Distinct  advantages  accrue  from  obtainment  of 

includewl!1  regard!ng  food  use  in  a  country.  This  information 

die  count  V  the  kindS  °f  fo°d  produced  within 

•  k  •  J’  imPolted  into  u>  or  exported  from  it.  Then  there 
is  obtained  a  food  balance  for  the  country,  showing  the  kind! 
and  the  quantities  of  foods  consumed  by  the  population  Tf  * 

sheets.  he  Food  and  Agriculture  Organization  of  the  United 
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exports,  quantities  of  various  foods  available  for  consumption  are 
calculated.  Using  a  food  composition  table,  the  quantities  of  calo¬ 
ries  and  of  various  nutrients  are  determined.  Nutritive  values  for 
foods  “as  purchased”  are  used,  since  such  figures  give  the  nutri¬ 
tive  values  of  foods  in  the  raw  and  unprepared  state.  These  fig¬ 
ures  do  not  allow  for  the  waste  of  edible  portions  in  food 
preparation  and  cooking  prior  to  actual  consumption.  A  cor¬ 
rection  factor  may  be  applied  to  allow  for  such  wastage,  and  a 
factor  frequently  used  is  15  per  cent.  This  means  that  85  per  cent 
of  the  gross  value  is  eventually  received  by  the  consumer. 

After  calculation  of  nutritive  values  these  may  be  divided  by 
the  total  population  to  give  the  nutritive  values  per  person  per 
year;  from  those,  nutritive  values  are  calculated  per  person  per 
day.  Obviously,  there  are  adults  and  children  of  various  ages  in 
the  population,  and  there  is  a  wide  range  of  nutrition  require¬ 
ments  in  the  population.  To  avoid  this  difficulty,  the  nutri¬ 
tion  requirements  for  the  population  may  be  estimated,  using 
average  requirement  figures  for  different  categories  of  peisons 
and  multiplying  these  requirement  figures  by  the  number  of 
persons  in  each  category.  Thus  there  are  secured  estimates  of 
nutrition  requirements  for  the  population,  and  these  may  be 
compared  with  the  calculated  nutritive  values  for  available  foods. 
This  procedure  was  used  by  the  Combined  Food  Board  of  the 
United  States,  Canada  and  the  United  Kingdom  during  World 
War  II  to  estimate  the  nutrition  adequacy  of  food  supplies  in  the 

3  countries.3 

The  disadvantages  of  food  balance  for  a  country  are:  (1)  the 
information  is  for  gross  food  supplies,  and  there  may  be  no 
allowance  for  wastage.  The  amount  of  wastage  is  likely  to  depend 
on  the  quantity  of  food  available.  If  food  is  scarce,  wastage  will 
be  reduced  (2)  There  is,  of  course,  no  information  about  foo 
ule  by  individuals.  The  over-a.l  picture  may  be  one  of  nutrition 
adequacy  but,  within  the  country,  food  distribution  may  i 
uneven  In  different  areas.  Some  individuals  may  be  ovei  nour¬ 
ished  and  others  undernourished.  The  over-all  n, format, on  may 
-ive  the  impression  that  everyone  is  adequately  nourished. 

However,  ^advantages  of  obtaining  food  -lance :  information 
for  a  country  outweigh  the  disadvantages.  The  data 
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whether  or  not  the  population  could  be  properly  nourished  if 
food  were  equitably  distributed  and  used.  If  the  available  food 
is  not  adequate,  information  is  available  as  to  what  is  needed  in 
food  production  or  import  to  provide  a  satisfactory  supply.  The 
food  balance  information  is  essential  to  planning  a  nutrition 
program  in  peace  or  in  w'ar.  The  information  is  necessary  if  a 
rationing  program  is  to  be  undertaken.  Moreover,  food  balance 
data  give  useful  information  regarding  food  habits  in  a  country 
(but  not  necessarily  of  groups  w’ithin  the  population) .  Food 
balance  data  indicate  changes  in  food  consumption  and  possibly 
in  food  habits.  From  food  balance  information  for  Canada,4  the 
following  percentage  changes  in  food  use  occurred  between  1939 
and  1951: 


Milk  solids 

+  16 

Tomatoes  and  citrus  fruits 

+  30 

Potatoes 

+  4 

Cereals 

-17 

Meats 

+  14 

Eggs 

+  13 

Fats 

+  5 

Sugars  and  syrups 

-  1 

These  figures  show  the  increases  that  took  place  in  the  con¬ 
sumption  of  milk,  citrus  fruits,  meat  and  eggs.  These  increases 
were  accompanied  by  a  decrease  in  the  use  of  bread  and  cereal 


products.  Similar  trends  occurred  in  the  United  States.  Food 
balance  data  show  also  the  chief  food  sources  of  calories  and  of 
nutrients  in  a  country.  In  the  United  States  in  1949  the  principal 
sources  of  calories  were:  milk  and  cheese,  13.7  per  cent;  meat, 
poultry  and  fish,  12.5  per  cent;  fats  and  oils,  19.6  per  cent;  grain 
products,  24.0  per  cent;  sugars  and  syrups,  15.2  per  cent.  Meats, 
poultry  and  fish  furnished  30  per  cent  of  the  total  protein,  25  per 
cent  of  total  iron,  and  43  per  cent  of  total  nicotinic  acid.5  Such 
information  is  useful  in  assessing  nutrition  conditions  in  a 
country,  in  ascertaining  general  food  habits  and  in  planning 
nutrition  education  and  improvement.  To  cite  an  example^ 

Unhe  F™  CtS,  proVK]e  over  one  third  of  total  thiamine  in  the 
United  States  but  only  one  fifth  in  Canada.  Obviously  enrich- 

inCanada  “  m°re  imP°rtance  in  the  United  States  than 
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Information  regarding  food  balances  on  a  national  scale  is  of 
even  greater  importance  in  an  “underdeveloped”  country  than  in 
a  prosperous  one.  The  data  show  the  deficiencies  in  food  supplies 
and  make  possible  intelligent  planning  of  measures  to  improve 
conditions.  In  such  planning  it  may  be  impossible  to  arrange 
for  supplies  that  will  furnish  the  optimal  or  generous  intakes  of 
nutrients  which  are  readily  available  in  prosperous  countries.  It 
may  be  necessary  to  make  plans  to  meet  minimal  needs. 

In  a  community  it  is  desirable  to  obtain  information  regarding 
the  quantities  and  the  kinds  of  foods  that  are  available  and 
used.  Such  information  must  be  obtained  before  a  nutrition 
program  can  be  planned  sensibly.  A  knowledge  of  food  avail¬ 
ability  will  give  information  regarding  general  food  habits.  The 
kinds  of  foods  which  can  be  used  to  supply  particular  nutrients 
should  be  ascertained.  Are  good  food  sources  of  calcium  available 
in  the  community?  Can  most  of  the  people  afford  to  buy  them? 
These  are  typical  questions  to  show  the  sort  of  information  that 
should  be  sought  in  a  community. 


Studies  of  Family  Food  Use 

Because  a  food  balance  for  a  country  gives  only  the  broad, 
over-all  picture  and  affords  no  indication  of  nutrition  conditions 
of  individuals,  food  intake  surveys  are  carried  out.  Less  work  is 
involved  in  obtaining  information  for  families  than  for  indi¬ 
viduals.  Family  information  has  considerable  but  limited  useful¬ 
ness.  The  family  is  the  unit  for  which  food  is  produced  or  bought 
and  for  which  food  is  prepared  and  served.  A  record  of  family 
food  consumption  gives  the  nutritive  values  available  to  tie 
family  but  does  not  show  the  nutritive  values  obtained  by  indi¬ 
viduals.  In  a  family  there  may  be  inequitable  distribution  of 
food;  father  may  have  first  choice,  then  the  children,  and  mother 
has  what  is  left.  Family  surveys  have  been  done  frequent  y 
cause  of  the  greater  ease  of  obtaining  information  for  a  house¬ 
hold  than  for  individuals.  t  .  BPn. 

Two  procedures  have  been  used  tor  fami  y  surveys.  ( 
tory  (2)  food  Use.  In  the  inventory  method  food  m  the  household 
at  the  start  of  the  survey  period  is  weighed  or  measured  an 
reconied  a  similar  list  is  made  at  the  end  of  the  period,  and  a 
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list  of  all  food  coming  into  the  house  during  the  period  is  kept. 
From  these  3  lists  the  food  used  by  the  family  during  the  period 
can  be  calculated.  Information  should  be  obtained  regarding  the 
meals  eaten  away  from  home  and  about  waste  or  reluse.  This 
procedure  requires  that  a  family  be  visited  at  least  twice  and 
preferably  3  or  4  times  by  an  investigator  to  ensure  that  reliable 
information  is  obtained.  In  the  second,  or  food  list,  procedure  an 
investigator  makes  one  visit  and  during  that  visit  interrogates 
the  housewife  regarding  food  used  during  the  preceding  week. 
The  investigator  has  a  list  of  foods,  as  nearly  complete  as  possible, 
as  used  in  the  community  and  checks  each  item  with  the  house¬ 
wife.  The  reliability  of  this  procedure  is  dependent  on  the  mem¬ 
ory  of  the  housewife.  The  food  list  method  requires  less  time 
and  hence  less  expense  per  family  than  the  inventory  method. 
The  inventory  method  is  dependent  on  the  honesty  and  the 
carefulness  of  the  housewife.  In  the  experience  of  the  author, 
the  food  list  procedure  has  been  found  to  be  unreliable. 


Studies  of  Individual  Food  Use 


Various  procedures  have  been  used  to  obtain  information 
about  food  use  by  individuals.  For  some,  claims  of  accuracy  are 
made,  for  others,  advantages  of  ease  and  of  lower  expense  have 
been  stressed.  None  of  the  procedures  is  really  reliable,  and  some 
are  moie  difficult  to  use  than  others.  Some  of  the  more  exten¬ 
sively  used  methods  are  given  below. 


1.  Direct  Weighing  Just  Prior  to  Consumption.  When  food  is 
measured  out  to  be  eaten  it  is  weighed  either  by  the  subject  or 
by  an  observer.  In  theory  this  method  is  fairly  precise.  However, 
it  has  some  sources  of  error.  If  the  subject  is  doing  the  weighing! 
a  second  serving  may  not  be  eaten  because  of  the  nuisance  of 
weighing.  If  an  observer  is  present,  the  subject  will  alter  his 
normal  habits  to  give  either  a  good  or  a  bad  impression.  This 
sort  of  effect  can  be  seen  with  other  procedures  and  is  one  of  the 
sources  of  error  in  many  studies  of  food  intake.  The  weighing  of 
ood  can  be  done  by  people  with  some  education  and  intelli¬ 
gence.  If  an  observer  must  be  present  at  all  meals,  there  is  a 
imitation  as  to  the  number  of  persons  who  can  be  observed 
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and  this  procedure  is  expensive.  It  is  doubtful  whether  the 
possible  precision  of  the  data  justifies  the  expense. 

2.  Records  in  Household  Measures.  The  subject  records,  pref¬ 
erably  at  the  time  of  eating,  a  complete  list  of  foods  and  bever¬ 
ages,  except  water.  The  subject  describes  in  the  record  the 
quantities  of  foods  in  terms  of  household  measures,  estimated 
generally  and  not  measured.  He  may  record  that  he  had  one 
cup  of  whole  milk,  one  slice  of  enriched  white  bread,  and  one 
teaspoon  of  butter.  This  procedure  is,  of  course,  much  simpler 
than  the  weighing  of  food.  It  can  be  done  fairly  well  by  children 
over  10  years  of  age.  The  obvious  objections — that  a  list  may  not 
be  complete  or  that  it  may  be  biased  to  give  either  a  good  or  bad 
impression— are  applicable  to  other  survey  methods.  Bransby  et 
al .6  have  compared  data  obtained  by  different  procedures.  They 
have  stated  that  recording  of  food  intakes  in  household  measures 
gives  estimates  of  food  intake  greater  than  those  obtained  by 
direct  weighing  of  food.  That  has  not  been  the  experience  of  the 
author,  who  has  found  recording  in  household  measures  to  be 
sufficiently  reliable  for  practical  purposes.  Any  error  thus  intro¬ 
duced  is  less  serious  than  those  caused  by  misinterpretation  of 
the  data,  a  point  which  will  be  discussed  later. 

3.  Procurement  of  Information  by  Questioning.  This  type  of 
method  may  range  from  simple  questions,  as  asked  by  a  physician, 
to  complex  questionnaires  which  may  be  read  by  the  questioner 
to  the  subject  or  given  to  the  subject  for  completion.  The  ques¬ 
tions  may  be  an  attempt  to  list  customary  food  intakes  or  they 
may  be  an  attempt  to  have  the  subject  recall  details  of  meals 
for  the  preceding  day  or  days.  This  procedure  is  dependent  on 
the  ability  of  the  subject  to  remember  and  on  his  honesty.  T 
memory  of  most  people  about  the  precise  make-up  of  meals  is  no 
crood.  Answers  can  be  influenced  by  the  phrasing  of  the  questi 
or  by  the  attitude  of  the  examiner.  In  seeking  to  give  a  good 
impress^n,3 some  people  who  never  drink  milk  will  -e 
thev  do  so  every  day.  Under  some  circumstances  an  attempt  t 
givl  a  poor  impression  of  food  intake  will  be  made.  p“Ple  in 
receipt  of  government  assistance  will,  at  times  describe  food 

makes  which  are  worse  than  the  actual  ones.  The  validity  o 
answers  can  be  checked  by  inquiry  regarding  stiong  .  es 
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dislikes  before  seeking  information  about  food  use.  The  author  s 
experience  has  been  that  the  procedure  of  questioning,  whether 
by  verbal  questions  or  by  a  set  questionnaire,  is  the  most  unre¬ 
liable  method  of  attempting  to  ascertain  food  intakes. 

An  expensive  procedure,  used  in  a  few  studies,  has  been  to 
arrange  for  subjects  to  place  in  jars  duplicates  in  kind  and  in 
quantity  of  all  food  used.  Then  the  jars  are  collected,  and  the 
contents  are  submitted  to  chemical  analysis.  I  his  procedure  is 
precise  and  desirable  in  metabolic  studies  in  hospitals  and  in 
laboratories  where  the  subjects  are  under  supervision.  It  is  too 
expensive  for  studies  of  population  groups.  Moreover,  the  results 
may  be  less  precise  than  expected,  if  the  subjects  fail  to  put 
duplicate  portions  of  all  foods  into  the  specimen  containers. 

Of  these  several  procedures  the  recording  of  food  intakes  in 
terms  of  household  measures  is  easy  to  use,  except  for  children 
under  10  and  for  subnormal  adults.  It  is  sufficiently  reliable  for 
practical  purposes. 

Calculation  of  Nutritive  Values  of  Food  Intakes 

After  a  record  of  food  intake  has  been  obtained  by  any  pro¬ 
cedure  the  usual  next  step  is  to  calculate  the  quantities  of  calo¬ 
ries  and  of  various  nutrients  provided  by  the  recorded  intakes. 
One  or  more  tables  of  food  composition  are  used.  In  the  case  of 
cooked  dishes,  it  may  be  necessary  to  obtain  the  recipe  and  use  it 
to  determine  nutritive  values.  There  is  obtained,  finally,  calcu¬ 
lated  intakes  of  calories  and  of  nutrients  for  the  subject  per  day. 

The  reliability  of  such  calculations  has  been  examined  in  sev¬ 
eral  laboratories.  In  addition  to  variations  in  data  between 
diffeient  tables  of  food  composition,  there  is  the  difference  in 
composition  which  may  exist  between  an  individual  sample  of  a 
food  and  average  figures  for  composition  as  shown  in  a  table. 
Results  obtained  by  calculation  have  been  compared  with  the 
results  of  direct  analysis.  An  FAO  report7  stated:  “These 
(studies)  have  in  general  shown  that  the  results  are  sufficiently 
close  to  warrant  the  use  of  food  composition  tables  in  dietary 
surveys  of  families  or  groups  of  individuals.”  This  opinion  is 
quite  different  from  that  expressed  by  Bransby  and  associates*: 
“A  high  proportion  of  comparisons  for  individual  diets  showed 


298 


Evaluation  of  Nutritional  Conditions 


differences  between  the  values  found  by  calculation  from  food 
tables  and  by  chemical  analysis  sufficiently  great  to  throw  serious 
doubt  on  the  reliance  which  can  be  placed  on  energy  and  nutri¬ 
ent  values  obtained  by  calculation  from  food  tables.”  There  is 
no  doubt  that  calculation  of  nutritive  values  constitutes  a  source 
of  error  which  may  be  considerable  for  some  nutrients,  particu¬ 
larly  ascorbic  acid.  On  the  other  hand,  it  is  the  only  practical 
procedure  for  studies  covering  groups  of  considerable  size.  Direct 
chemical  analysis  of  all  samples  of  ingested  foods  from  a  large 
group  would  be  so  expensive  that  the  survey  would  be  impos¬ 
sible.  It  should  be  pointed  out,  however,  that  while  a  survey  may 
be  done  with  calculated  nutritive  values,  the  lack  of  precision  of 
the  results  should  be  remembered,  especially  during  their  inter¬ 
pretation. 

EVALUATION  OF  ADEQUACY 
OF  OBSERVED  FOOD  INTAKES 


A  quotation  from  an  FAO  report7  (p.  20)  is  pertinent  to  this 
discussion: 

The  purpose  of  most  dietary  surveys  is  to  discover  whether  the  sub¬ 
jects  investigated  are  obtaining  sufficient  amounts  of  the  right  kinds  of 
foods.  In  simple  local  studies  this  may  be  done  in  a  preliminary  way 
by  estimating  the  amounts  of  various  protective  foods  eaten.  But  as 
different  combinations  of  foods  may  provide  the  same  quantities  of 
nutrients,  diets  must  be  assessed  in  terms  of  nutrient  content  to  obtain 
the  complete  picture.  Whether  a  diet  is  adequate  or  not  is  determined 
in  the  final  analysis  by  the  health  of  individuals  consuming  it.  A  diet 
can,  however,  be  tested  against  a  standard  or  “yardstick”  to  obtain 
some  measure  of  its  comparative  adequacy. 

The  customary  procedure  in  most  studies  of  food  intake  has 
been  to  assess  the  adequacy  of  calculated  intakes  of  calories  and 
of  various  nutrients  using  a  dietary  standard  as  a  criterion  of 
adequacy.  In  some  cases  results  were  expressed  as  the  percentage 
of  persons  in  the  studied  group  who  had  intakes  equal  to  or 
greater  than  the  values  stated  in  the  dietary  standard,  and  the 
percentage  of  persons  whose  intakes  failed  to  meet  the  standard. 
Sometimes  intakes  were  graded  as  90  to  100  per  cent  of  the 
standard  down  to  such  a  level  as  60  to  70  per  cent  of  the  stand¬ 
ard.  Those  whose  intakes  were  below  70  per  cent  of  the  standard 
might  be  classed  as  “deficient.” 
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During  World  War  II  there  was  a  widespread  interest  in 
nutrition,  intensified  in  some  countries  by  shortages  in  supplies 
and  by  rationing.  A  great  many  studies  of  food  intake  were  done, 
and  most  of  them  were  assessed  in  terms  of  dietary  standards. 
The  prewar  study  in  Britain  by  John  Boyd  On8  had  an  appre¬ 
ciable  influence  on  these  studies.  Using  a  dietary  standard  devel¬ 
oped  by  Stiebeling  in  the  United  States  Bureau  of  Home 
Economics,  Orr  assessed  the  adequacy  of  food  intakes  recorded 
for  families  in  different  income  brackets  and  concluded  that 
intakes  became  more  adequate  at  higher  income  levels. 

A  number  of  American  surveys  were  summarized  by  a  com¬ 
mittee  of  the  United  States  Eood  and  Nutrition  Board.9  A 
principal  conclusion  stated  by  the  committee  was:  All  the 
evidence  from  numerous  surveys  over  the  past  ten  years  to  the 
present  among  persons  of  all  ages  in  many  localities  is  without 
exception  in  complete  agreement  that  inadequate  diets  are  wide¬ 
spread  in  the  nation  .  .  .  there  is  widespread  prevalence  of 
moderately  deficient  diets.”  This  conclusion  is  typical  of  many 
similar  conclusions  arrived  at  by  evaluating  calculated  nutritive 
values  for  recorded  food  intakes  in  terms  of  a  dietary  standard. 

Let  us  suppose  that  we  have  obtained  a  reliable  record  of 
food  consumption  by  an  adult  during  a  period  of  7  days.  From 
the  record  calculations  of  nutritive  values  are  made  using  a 
dependable  table  of  food  composition.  The  calculations  show 
that  the  average  daily  intake  of  thiamine  was  0.9  mg.  The  sub¬ 
ject  weighs  150  lbs.  and  is  an  office  worker  of  25  years  of  age. 
Was  the  thiamine  intake  adequate?  The  amount  given  in  United 
States  Recommended  Allowances  is  1.3  mg.  a  day  for  this  type 
of  person.  Using  this  criterion  of  adequacy,  the  subject’s  intake 
of  thiamine  was  70  per  cent  of  an  “adequate”  supply.  On  this 
basis  his  lood  intake  was  deficient  in  thiamine.  If  the  intake 
had  been  studied  in  Canada,  the  Canadian  Dietary  Standard 
would  have  been  used  as  the  yardstick;  it  recommends  0.75  mg. 
of  thiamine  a  day  for  the  type  of  person  studied.  With  this 
criterion,  the  calculated  supply  of  thiamine  was  more  than 
adequate. 

Before  attempting  to  decide  on  the  basis  of  evidence  from  a 
survey  of  food  intake  whether  the  calculated  intake  of  a  nutrient 
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is  adequate,  we  should  read  the  introduction  to  the  1953  revision 
of  the  Recommended  Dietary  Allowances.10  There  we  find  that 
the  allowances  recommended  are 

levels  of  nutrient  intake  appearing  desirable  for  use  in  planning  diets 
and  food  supplies.  The  recommendations  are  not  requirements,  since 
they  represent,  not  merely  minimal  needs  of  average  persons,  but  nu¬ 
trient  levels  selected  to  cover  individual  variations  in  a  substantial 
majority  of  the  population.  The  recommendations  are  not  designed  to 
provide  a  basis  for  judging  the  nutritional  status  of  population  groups 
but  rather  to  serve  as  a  guide  for  planning  food  supplies  for  these 
groups.  If  these  allowances  are  used  in  dietary  evaluation,  it  is  essen¬ 
tial  to  appreciate  that,  while  most  persons  whose  consumption  equals 
or  exceeds  the  goals  are  presumably  adequately  nourished,  not  all  per¬ 
sons  who  fail  to  reach  these  goals  are  malnourished. 

It  is  not  suitable  to  draw  a  conclusion  that  our  subject  who 
was  considered  to  have  an  average  daily  intake  of  thiamine  of 
0.9  mg.  is  adequately  nourished  with  respect  to  thiamine.  We 
can  state  that  a  record  of  food  intake  for  the  subject  for  7  days 
was  obtained,  and  we  hope  that  the  record  was  authentic.  We 
calculated,  using  a  particular  table  of  food  composition,  the 
average  daily  intake  of  thiamine  as  0.9  mg.  The  actual  thiamine 
intake  of  the  subject,  if  it  had  been  determined  by  analysis  of 
authentic  duplicates  of  the  food  eaten,  may  have  been  greater  or 
less  than  the  amount  calculated.  We  can  infer  that  the  calculated 
intake  was  less  than  the  amount  recommended  for  this  class  of 
person  in  the  United  States  Recommended  Allowances.  It  is  not 
possible  to  conclude  that  the  subject  was  undernourished  with 
respect  to  thiamine  on  the  basis  of  the  dietary  evidence. 

SOURCES  OF  ERROR  IN  STUDIES  OF  FOOD  INTAKE 
AND  THE  INTERPRETATION  OF  SUCH  STUDIES 

Some  of  the  sources  of  error  inherent  in  studies  of  food  intake 
have  been  mentioned.  A  more  nearly  complete  discussion  of 
sources  of  error  is  advisable  to  permit  consideration  of  the 
validity  and  the  usefulness  of  surveys  of  food  intake. 

If  inferences  regarding  conditions  in  a  population  are  to  be 
obtained,  it  may  be  necessary  to  use  a  sample  of  the  population. 
A  study  of  the  entire  population  may  be  impractical  or  impos¬ 
sible.  Conclusions  from  the  sample  are  not  applicable  to  the 
population  unless  the  sample  is  representative  of  that  population. 
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Obviously,  the  sample  should  be  selected  on  statistically  sound 
bases.  It  should  resemble  the  population  in  distribution  of  age, 
sex,  racial  origin  and  other  characteristics  which  are  likely  to 
influence  food  choice.  Arrangements  for  choosing  the  sample 
can  and  should  be  planned  statistically,  but  it  may  not  be  easy 
or  possible  to  ensure  that  the  sample  finally  used  is  proper.  In  a 
democracy,  consent  and  co-operation  of  subjects  must  be  sought. 
It  is  not  possible  to  select  a  statistically  correct  sample  and  then 
tell  the  selected  individuals  or  families  that  they  must  provide 
information  regarding  food  use.  Consent  can  be  obtained  more 
easily  from  people  who  are  interested  in  nutrition,  and  thus  it 
is  difficult  to  avoid  having  a  biased  sample. 

Partly  because  of  the  problem  of  obtaining  consent  and  co¬ 
operation  and  also  because  of  expense,  food  intake  studies  are 
done  for  limited  periods.  There  may  be  considerable  difference 
between  food  consumption  for  a  short  period  and  the  sustained 
food  habits  of  the  subject.  The  food  consumption  for  the  period 
of  observation  may  be  unusual  because  the  subjects  were  under 
observation  and  changed  their  food  use  to  give  a  better  or  a 
worse  impression.  Even  if  that  factor  is  not  operating,  the  con¬ 
stancy  of  intake  of  various  nutrients  is  open  to  question.  Because 
a  person  has  a  low  intake  of  thiamine  on  one  day  during  one 
week,  there  is  no  assurance  that  such  a  supply  is  either  constant 
or  frequent.  Variability  in  food  intake  was  studied  by  McHenry 
and  associates.11  They  showed  that  a  group  of  persons  exhibited 
considerable  variation  in  food  use  during  a  week  and  also 
between  periods  of  1  week  a  month  during  a  year.  One  week  is 
generally  accepted  as  the  least  time  to  be  used  for  studying  food 
use  It  is  also  a  period  for  which  co-operation  can  be  obtained 
without  considerable  difficulty.  Because  of  seasonal  variation  in 
food  use,  a  survey  should  be  repeated  on  the  same  group  several 
tunes  in  a  year,  if  such  repetition  is  possible.  The  effects  of 
market  conditions,  religious  practices  and  other  factors  altering 
food  use  should  be  considered.  & 

nofl^  fT  VariabMit’'  in  food  'he  record  of  intake  may 
°  tlC  °r  complete.  If  food  consumption  has  been 

corded  by  a  trained  observer,  the  record  is  likely  to  be  reliable 
but  may  have  been  biased  by  the  presence  of  the  observer  or  by 
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the  method  of  doing  the  survey.  Records  kept  by  subjects  should 
be  scrutinized  and  used  with  caution.  The  recorded  intake  may 
not  be  complete;  this  is  likely  to  result  in  an  apparent  low  intake 
of  calories.  A  check  of  reliability  can  be  made  by  asking  the 
subjects  to  list  before  the  observation  period  those  foods  which 
are  well  liked  and  those  much  disliked.  A  subsequent  record 
showing  liberal  use  of  a  food  previously  listed  as  disliked  should 
be  questioned. 

It  has  been  noted  that  there  may  be  considerable  discrepancy 
between  calculated  quantities  of  nutrients  and  the  amounts 
actually  ingested.  Food  composition  varies  greatly.  The  actual 
composition  of  the  eaten  food  may  be  markedly  different  from 
the  composition  given  in  a  table  of  food  composition.  Losses  in 
cooking  may  have  increased  the  discrepancy.  Wastage,  both  in 
preparation  and  at  the  table,  may  not  have  been  taken  into 
account. 

The  most  serious  error  in  studies  of  food  intake  lies  in  the 
attempt  to  assess  the  nutritive  adequacy  of  the  data.  This  has 
been  discussed.  Presently  available  estimates  of  requirements  are 
not  sufficiently  precise  to  justify  their  use  as  criteria  of  adequacy. 
The  only  criterion  which  is  valid,  at  present,  is  the  condition  of 
the  subject. 


Usefulness  of  Studies  of  Food  Intake 

Despite  the  sources  of  error,  studies  of  food  intake  have  appre¬ 
ciable  usefulness  in  practical  work  in  nutrition.  Even  a  rough, 
approximate  survey  of  food  use  may  have  education  value.  This 
is  particularly  true  if  the  survey  is  done  on  children  10  years  of 
age  or  more  in  an  elementary  school.  The  examination  of  food 
use  quickens  interest  both  of  the  children  and  of  the  teachers. 
While  a  few  parents  may  resent  the  survey,  in  general  it  serves 
a  useful  purpose  as  a  prelude  to  education  of  the  children  and 

Information  regarding  food  habits  makes  possible  more  intelli¬ 
gent  planning  to  improve  nutrition  conditions.  Such  information 
can  be  obtained  from  surveys  of  food  intake.  If  milk  ,s  the  main 
food  source  of  calcium  in  the  community,  it  is  useful  to  lea 
the  proportion  of  people  who  use  milk  liberally.  Such  mforma- 
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tion  may  indicate  a  desirability,  or  indeed  the  lack  of  necessity, 
for  supplying  milk  in  schools. 

A  study  of  food  intake  plus  information  regarding  the  avail¬ 
ability  of  foods  may  indicate  whether  an  education  program  is 
advisable  or  unnecessary.  If  an  education  program  is  advisable, 
the  food  intake  study  will  indicate  the  points  which  need  em¬ 
phasis.  There  is  no  need  to  urge  the  consumption  of  a  food  that 
is  already  being  used  liberally. 

Finally,  but  not  least,  a  study  of  food  intake  is  an  useful 
adjunct  to  a  medical  examination.  To  be  useful,  the  information 
has  to  be  more  reliable  than  is  ordinarily  obtained  by  question¬ 
ing  to  obtain  a  so-called  dietary  history.  A  low  intake  of  a 
particular  nutrient  may  be  corroborative  evidence  for  a  suspected 
deficiency.  A  study  of  food  intake  by  an  overweight  person  may 
be  used  to  convince  him  of  the  cause  of  being  overweight. 

DETERMINATION  OF  NUTRITION  STATUS 

It  has  been  pointed  out  earlier  in  this  chapter  that  the  nutri¬ 
tion  condition  of  an  individual  is  the  level  of  health  resulting 
from  intake  and  utilization  of  nutrients.  Examination  of  food 
intake  may  provide  a  clue  as  to  the  nutrition  condition,  but  it 
is  not  possible  to  evaluate  the  intake  in  terms'  of  adequacy 
because  requirements  are  not  known  with  sufficient  precision  to 
permit  their  use  as  criteria  of  adequacy.  Physical  examination  of 
the  individual  would  be  considered  as  the  best  means  of  deter¬ 
mining  nutrition  status  because  it  would  be  an  examination  of 
the  end  state  of  the  nutrition  processes. 

Body  weight  is  the  result  of  the  utilization  of  foods.  It  is  pos¬ 
sible  to  determine  whether  an  individual  is  gaining  or  losing 
weight.  A  gain  in  weight  in  an  adult  is  evidence  that  energy 
intake  is  greater  than  energy  expenditure,  provided  that  the 
gain  is  not  the  result  of  accumulation  of  fluid.  Conversely,  loss 
in  weight  is  evidence  that  energy  intake  has  been  less  than 
expenditure.  Changes  in  body  weight  are  useful,  simple  and 
subjective  evidence  which  provide  nutrition  information.  The 
use  of  body  weight  to  determine  the  presence  of  obesity  was 
considered  in  Chapter  12,  and  problems  about  it  were  discussed. 

ie  suggestion  is  repeated  that  visual  inspection  of  the  indi- 
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vidual,  plus  the  presence  of  overweight,  is  a  rough  but  satisfactory 
indication  of  obesity. 

Records  of  changes  in  height  and  weight  of  children,  giving 
the  rate  of  growth,  is  an  indication  of  nutritive  adequacy.  It 
should  be  remembered  that  factors  other  than  nutrition  may 
influence  growth.  Lack  of  rest  or  a  chronic  infection  may  impair 
growth.  The  grid  developed  by  Wetzel12  has  been  advocated  to 
give  a  graphic  record  of  growth,  and  claims  have  been  made  that 
nutrition  status  can  be  estimated  from  the  grid.  Its  use  was 
examined  critically  by  Stuart  and  Meredith13  and  by  others. 
The  author’s  experience  with  the  Wetzel  grid  has  suggested  that 
it  can  be  used  to  give  a  visual  record  of  growth  but  that  predic¬ 
tions  of  health  and  nutrition  condition  made  from  the  grid  are 


unreliable. 

Often  a  general  inspection  is  used  to  appraise  nutrition  status. 
The  examining  physician  relies  upon  his  impression  of  the 
appearance  of  health,  intelligence  and  vitality.  The  appeal  ance 
of  the  skin,  brightness  of  eye  and  expression  form  part  of  the 
picture.  Such  a  general  inspection  is  done  frequently  in  schools, 
and  children  are  rated  as  to  nutrition  status.  In  1938  Jones14 
studied  the  reliability  of  general  inspections  of  schoolboys  by 
medical  officers.  He  showed  that  there  was  considerable  disagree¬ 
ment  in  the  assessment  of  one  group  of  boys  by  several  physicians, 
and  repeated  inspections  by  one  doctor  did  not  yield  consistent 
results.  The  subjective  errors  in  judgment  in  a  general  inspection 
have  been  stressed  by  the  Joint  FAO/WHO  Expert  Committee 
on  Nutrition.15  The  committee  pointed  out  that  the  examiner 
actually  compares  the  subject  with  a  standard  in  his  mind,  the 
nature  of  which  is  determined  by  a  number  of  factors. 

It  is  probably  true  that  frank  deficiency  states  such  as  beriberi, 
scurvy,  rickets  and  pellagra  can  be  diagnosed  with  reliability. 
The  clinical  recognition  of  such  states  is  outsi  e  t  e  scope 
this  discussion.  Such  severe  deficiencies  are  now  uncommon  ■ 
the  United  States,  Canada  and  Britain.  Some  of  the  deficiency 
diseases  probably  have  never  occurred  in  these  countries  in  recent 
dmes  Currently,  with  popularity  of  food  intake  studies  or  pos- 
■u/'a?  I  conL,uenci  if  those  studies,  there  W d  an 
opinion  that  mild  deficiencies  were  common.  1  he  phrase 
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clinical  deficiency”  was  coined  to  apply  to  such  mild  deficiencies 
There  was  great  interest  in  procedures  for  the  diagnosis  o 
subclinical  deficiencies.  Various  signs  and  symptoms  were  ac¬ 
cepted  as  evidence  of  malnutrition.  Some  typical  signs  which 
came  into  extensive  use  will  be  considered. 

Xerosis  conjunctivae  has  been  described  as  a  sign  of  vitamin  A 
deficiency.16  As  described  by  Kruse,  the  condition  is  a  thickening 
of  the  outer  layer  of  the  front  of  the  eyeball.  In  early  or  mild 
cases  the  thickening  must  be  observed  with  a  biomicroscope  with 
special  illumination.  In  later  stages,  macroscopic  thickened  areas 
or  spots  are  said  to  be  visible.  In  the  first  series  of  observations 
Kruse  reported  that  99  per  cent  of  a  group  of  low-income 
persons  in  New  York  City  showed  conjunctival  thickening.  Treat¬ 
ment  with  large  doses  of  vitamin  A  over  a  prolonged  period  was 
required  to  effect  improvement.  The  claims  regarding  the  rela¬ 
tion  of  conjunctival  thickening  to  vitamin  A  have  been  examined 
by  several  groups  of  workers.  Robertson  and  Morgan17  concluded 
that  the  conjunctival  changes  were  not  caused  by  a  deficiency  of 
vitamin  A.  Darby18  has  stated,  ‘‘The  abundant  evidence  which 
has  accumulated  justifies  the  conclusion  that  the  conjunctival 
changes  which  are  commonly  observed  in  our  population  are  not 
related  to  avitaminosis  A  nor  do  they  serve  as  useful  measures  of 
nutriture  .  .  .  Extravagant  claims  concerning  widespread  avita¬ 
minosis  A  based  upon  the  prevalence  of  these  lesions  in  the 
population  should  be  discarded.”  While  the  conjunctival  thick¬ 
ening  does  occur  with  some  frequency  and  can  be  seen  in  a 
considerable  number  of  people,  its  cause  in  younger  people  is 
likely  to  be  irritation  by  dust  or  smoke,  and  in  older  persons  it 
may  be  a  presenile  change. 

Another  ocular  lesion,  corneal  vascularization,  was  used  to 
detect  riboflavin  deficiency.  T  he  detection  of  corneal  vasculariza¬ 
tion  is  done  by  examination  of  the  cornea  with  a  biomicroscope, 
using  a  narrow  beam  of  intense  light.  The  vascularization  con¬ 
sists  of  penetration  of  the  cornea  by  capillary  loops  coming  from 
blood  vessels  adjacent  to  the  cornea.  Coincidentally,  the  subject 
shows  an  increased  sensitivity  to  light  and  a  tendency  to  weep. 
While  a  deficiency  of  riboflavin  can  cause  corneal  vascularization, 
it  can  result  from  amino  acid  deficiencies  and  from  irritation. 
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Since  it  is  not  specifically  due  to  riboflavin  deficiency,  it  cannot 
be  used  as  a  sign  of  that  deficiency  without  qualification.  A 
therapeutic  trial  can  be  used  to  determine  whether  or  not  ribo¬ 
flavin  deficiency  was  responsible.  Administration  of  riboflavin 
for  4  to  5  days  will  produce  a  marked  change  if  the  vasculariza¬ 
tion  was  produced  by  a  deficiency.  This  procedure  can  be  used 
with  advantage  in  other  instances.  If  a  lesion  is  suspected  to  be 
due  to  a  nutrient  deficiency,  a  trial  with  the  suspected  nutrient 
can  be  used  to  determine  whether  or  not  the  supposition  was 
correct.  Without  confirmation  by  therapeutic  trial  or  by  other 
means  to  be  described  later,  corneal  vascularization,  by  itself,  is 
not  specific  evidence  of  riboflavin  deficiency. 

A  number  of  other  signs  of  nutritional  deficiencies  have  been 
described  and  used  in  surveys  to  estimate  the  prevalence  of 
nutrition  deficiencies.  Various  types  of  skin  changes  and  various 
alterations  in  the  appearance  of  the  tongue  have  been  used.  The 
lack  of  specificity  of  such  changes  has  been  discussed  by  Darby,18 

who  has  expressed  this  opinion: 

I  would  be  the  last  to  deny  that  physical  signs  are  an  essential  part 
of  nutrition  surveys  when  the  observed  signs  are  placed  in  proper  re¬ 
lationship  to  known  medical  conditions  which  may  result  in  these 
signs,  along  with  well-conceived  laboratory  studies  and  dietary  and  thera¬ 
peutic  investigations.  However,  without  such  sound  medical  appraisal 
of  the  meaning  of  these  signs,  one  should  not  make  claims  of  the  ex¬ 
istence  of  widespread  deficiency  states  based  upon  the  physical  findings 

alone. 


BIOCHEMICAL  METHODS  FOR  THE  APPRAISAL 
OF  NUTRITIONAL  STATUS 

The  lack  of  specificity  of  many  of  the  physical  signs  of  nutri¬ 
tion  deficiencies  has  made  desirable  a  search  for  more  precise 
diagnostic  aids,  particularly  ones  which  would  be  objective  m 
character  and  relatively  free  from  subjective  error.  Various  bio¬ 
chemical  procedures  have  been  used.  These  have  involved  esti¬ 
mations  of  nutrients  in  blood  and  urine,  and  determ.na  ion  of 
metabolites  in  blood  and  urine.  An  abnormal  amount  of  a  m 
tabolite  might  be  due  to  an  impa.rment  m  metabolism  caused 

hV^rw'mecisfnieZds  are  available  for  the  estimation  of  the 
amounts  of  a  number  of  nutrients  in  blood.  The  amount  of  total 
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protein  and  of  various  kinds  of  proteins  can  be  determined  in 
blood  specimens.  The  most  frequent  estimation  is  total  protein 
content  of  blood  serum.  A  normal  range  of  total  serum  protein 
for  adults  is  6  to  8  Gm.  per  100  ml.  of  serum.  It  was  assumed 
that  a  low  level  of  serum  protein  is  a  sign  of  protein  deficiency. 
This  assumption  has  been  questioned.  The  FAO/WHO  Expert 
Committee  on  Nutrition15  concluded  that  serum  protein  levels 
do  not  reflect  the  level  of  protein  nutrition  or  the  level  of  recent 
protein  intake,  except  under  conditions  of  extreme  malnutrition. 

Human  blood  is  likely  to  contain  both  carotene  and  vitamin 
A.  Analytic  methods  are  available  for  the  estimation  of  both 
nutrients.  There  is  no  general  agreement  as  to  an  amount  of 
vitamin  A  which  should  be  regarded  as  normal.  Bessey19  has 
stated  that  plasma  vitamin  A  levels  below  15  to  20  ng.  per  100  ml. 
are  presumptive  evidence  of  deficiency.  The  amount  of  carotene 
in  the  plasma  is  dependent  on  the  intake  of  green  and  yellow 
vegetables  and  hence  may  show  great  variation  without  being 
indicative  of  vitamin  A  deficiency. 

Considerable  work  has  been  done  on  the  ascorbic  acid  content 


of  whole  blood  and  of  blood  fractions.  If  a  previously  well- 
nourished  subject  is  placed  on  a  lood  intake  devoid  of  ascorbic 
acid,  the  amount  of  the  vitamin  in  the  blood  plasma  decreases 
in  a  few  days  to  zero  or  almost  so.  It  is  recognized  that  the 
amount  of  ascorbic  acid  in  the  plasma  is  indicative  of  the 
immediate  past  intake.  A  finding  of  zero  ascorbic  acid  in  plasma 
is  evidence  of  a  low  intake  during  the  past  few  days;  by  itself,  it 
is  not  evidence  of  a  chronic  deficiency.  Within  limits,  the  plasma 
level  keeps  pace  with  intake.  The  upper  limit  is  the  renal 
threshold.  Considerable  portions  of  large  intakes  of  ascorbic  acid 
aie  excreted  in  the  urine.  Plasma  levels  range  between  0.2  to  0.6 

MS'toe7(l100  "!!'  'vitl'  jmakes  o£  ascorbic  acid  ranging  between 
20  to  70  mg.  daily.  The  amount  of  ascorbic  acid  in  the  white 
blood  ce  Is  has  been  found  to  be  a  better  index  of  chronic  defi- 

Si^ldelS?  dr°PS  Sh°rtly  befOTe  <«■»  o£  scurvy 


us«|ha.',8eS  r  the  aT,m  °f  a  metabo'ite  in  blood  have  been 
ed  to  indicate  a  deficiency  of  a  nutrient  whose  function  is 

pyruvtt0addattometatb0li7  ',n  example  iS  the  reSP°nse  of  blood 
py  acid  to  a  test  load  of  sugar.  After  administration  of 
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sugar  to  a  normal  person,  the  blood  pyruvic  acid  increases  and 
then  drops  to  normal  in  a  short  time.  In  a  person  with  a  marked 
deficiency  of  thiamine,  the  blood  pyruvic  acid  reaches  a  greater 
maximum  and  does  not  return  to  a  low  value  for  an  extended 
period.  This  test  utilizes  the  known  function  of  thiamine  in  the 
carboxylase  enzyme  system.  A  somewhat  similar  test  is  the  esti¬ 
mation  of  alkaline  phosphatase  in  the  blood  plasma.  The  level  of 
this  enzyme  is  increased,  but  not  specifically,  by  vitamin  D 
deficiency.  A  sustained  increase  in  blood  urea  occurring  after  a  test 
load  of  amino  acids  has  been  used  to  determine  vitamin  BC) 


deficiency. 

The  quantities  of  certain  water-soluble  nutrients  or  of  particu¬ 
lar  metabolites  in  urine  have  been  used  to  detect  deficiencies. 
The  excretion  of  water-soluble  vitamins,  e.g.,  ascorbic  acid, 
reflects  the  immediate  past  intake.  Obviously,  the  quantity  of  a 
nutrient  or  of  a  metabolite  in  urine  is  dependent  on  kidney 
function  and  may  be  influenced  by  the  intake  and  the  output 


of  water. 

The  excretion  of  a  nutrient  may  be  observed  after  administra¬ 
tion  of  a  test  load  in  a  “saturation”  test.  It  is  assumed  that  a 
deficient  individual  will  retain  most  or  all  of  the  administered 
nutrient,  provided  that  the  deficiency  was  of  that  nutrient.  A 
person  who  has  had  a  liberal  intake  of  the  nutrient,  whose  tis¬ 
sues  are  saturated  with  it,  will  excrete  most  of  the  test  dose.  This 
type  of  test  has  been  used  for  riboflavin,  ascorbic  acid  and  other 
nutrients  with  variable  results.  The  metabolic  products  of  vita¬ 
min  utilization  have  been  measured  in  some  cases,  also.  It  is 
possible  to  measure  the  pyrimidine  degradation  P™  uct*  ° 
thiamine,  but  results,  at  present,  cannot  be  interpreted  c  y. 
Two  degradation  products  of  nicotinic  acid,  methylnicotmami 
and  pvridone  have  been  determined  in  urine  specimens.  Excre- 
tion  of  methylnicotinamicle  has  been  found  to  be  low  tn  pellagra 
natients  The  end  product  of  the  utilization  of  vitamin  B0,  py 

& ...  r  : ££ — 1 as 

don'unVaub  and  Goldsmith*  concluded  that  under  certain 
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acid  and  ascorbic  acid.  Estimation  of  excretion  of  these  vitamins 
in  a  24-hour  period  reflects  dietary  intake.  Load  tests  are  con¬ 
cluded  to  be  promising  for  some  vitamins. 

Errors  in  studies  of  food  intake  and  problems  in  interpretation 
of  such  studies  have  been  discussed.  The  nonspecificity  of  signs 
said  to  be  indicative  of  mild  deficiencies  has  been  pointed  out. 
While  most  analytic  procedures  for  the  estimation  of  nutrients 
and  metabolites  in  blood  and  urine  are  reliable,  there  are  diffi¬ 
culties  in  relating  the  data  to  nutrition  status.  In  view  of  the 
problems  involved  in  any  one  type  of  procedure,  Pett22  has 
recommended  combinations  of  criteria.  For  example,  Pett  has 
stated  that  a  diagnosis  of  definite  riboflavin  deficiency  can  be 
made  if  the  subject  has  had  a  low  intake  of  riboflavin  and  also 
exhibits  at  least  two  physical  signs  of  apparent  riboflavin  defi¬ 
ciency.  Such  a  diagnosis  can  be  confirmed  by  an  absence  of  ribo¬ 
flavin  from  the  urine.  A  probable  riboflavin  deficiency  is  indi¬ 
cated,  if  the  subject  has  two  physical  signs,  or  one  sign  and  a 
low  intake.  This  combination  of  evidence  has  obvious  advan¬ 
tages  over  reliance  on  a  single  type  of  procedure.  Darby  has 
endorsed  the  combination  of  several  procedures  plus  the  added 
confirmation  furnished  by  a  therapeutic  test.  In  the  case  of  vita¬ 
min  A,  Darby18  has  recommended  the  combined  application  of 
clinical,  biochemical  and  physiologic  studies,  together  with  a 
test  to  determine  whether  or  not  the  condition  of  the  subject 
is  improved  by  supplying  vitamin  A.  A  therapeutic  trial  of  the 
nutrient,  suspected  to  be  deficient,  can  be  used  to  determine 
whether  or  not  the  suspicion  was  valid.  A  similar  conclusion  was 
stated  by  the  FAO/WHO  Expert  Committee  on  Nutrition15: 

In  general,  for  large-scale  surveys  of  the  state  of  nutrition,  the  basic 
method  is  careful  clinical  appraisal  combined  with  dietary  surveys. 
Simple  laboratory  tests  may,  under  certain  circumstances,  usefully  sup¬ 
plement  these  basic  methods.  In  the  last  resort,  however,  the  assessment 
of  nutritional  status  depends  upon  the  demonstration  that  bodily  struc¬ 
ture  and  function  are  improved  by  better  feeding. 

NUTRITION  ADAPTATION  AND  THE 
INTERPRETATION  OF  NUTRITION  SURVEYS 

Data  from  studies  of  food  intake,  evaluated  in  terms  of  a 
dietary  standard,  frequently  give  an  impression  that  nutrition 
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deficiencies  are  present.  Sometimes  the  impression  can  be  sub¬ 
stantiated  by  physical  examination  or  by  biochemical  tests.  How¬ 
ever,  intakes  which  are  definitely  below  accepted  ideas  of  require¬ 
ments  have  been,  and  can  be,  observed  without  accompanying 
signs  of  nutrition  deficiency.  An  obvious  explanation  of  the  dis¬ 
crepancy  is  that  the  requirement  estimate  is  too  high.  This 
explanation  is  often  valid.  An  alternative  explanation  is  that  the 
subject  has  become  adapted  to  a  low  intake. 

H.  H.  Mitchell23  seems  to  have  been  the  first  to  give  serious 
attention  to  nutrition  adaptation.  He  stated  that,  “There  are 
two  possible  situations  that  we  might  consider:  either  the  human 
body  is  able  to  adapt  itself  in  some  degree  to  a  restricted  food 
supply  or  it  must  stand  the  full  consequences  of  such  critical 
situation.”  Mitchell  concluded  that  “the  human  body  is  a  flexible 
one  whose  functions  and  needs  readily  respond  to  changing 
conditions  of  the  body  itself  and  of  its  environment. 

Faced  with  living  on  food  intakes  which  appear  to  be  low,  the 
body  can  adapt  itself  in  various  ways  to  maintain  life.  The  effi¬ 
ciency  of  absorption  of  ingested  nutrients  can  be  altered.  Meta¬ 
bolic  processes  can  be  varied  to  suit  changing  conditions.  Body 
weight  can  be  reduced.  Muscular  activity  can  be  lessened.  There 
is  considerable  evidence  that  adaptation  is  limited.  Intake  can 
be  reduced  gradually  and  adaptation  take  place,  provided  that 
the  intake  does  not  drop  below  a  critical  level.  Experiences  in 
concentration  camps  during  World  War  II  showed  that  people 
can  adapt  themselves  to  decreasing  supplies  of  energy  but  not 
below  an  intake  of  about  1,200  to  1,500  calories  (in  adults). 
When  the  intake  is  below  a  critical  minimum,  damage  ensues. 

Adaptation  by  a  change  in  efficiency  of  absorption  is  clear  m 
the  case  of  several  nutrients.  The  absorption  of  iron,  and  prob¬ 
ably  of  calcium,  is  influenced  by  tissue  needs.  In  a  study  carried 
out  in  Ceylon,  Nicholls  and  Nimalasuriya24  showed  that  children 
and  adults  in  Ceylon  adapt  themselves  to  -low-  intakes  of  ca  ¬ 
elum  by  much  more  efficient  absorption  and  by  diminished  los 
in  the  urine.  As  a  consequence  of  increased  absorption  and  de 
creased  excretion,  children  retained  up  to  89  per  cent  of  mta  c 
of  about  0.2  Cm.  of  calcium  per  day.  A  somewhat  similar  obser¬ 
vation  was  made  on  adults  in  Peru  by  Hegsted  et  al. 
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Adaptation  through  metabolic  alterations  is  evident  from  a 
number  of  observations.  Protein  utilization  certainly  is  adapted 
to  intake  through  a  considerable  range  of  intakes.  People  can  be 
in  nitrogen  balance  on  a  variety  of  intakes,  provided  that  periods 
of  adaptation  to  altered  intakes  are  allowed.  Alterations  in  inter¬ 
mediary  metabolism  in  a  pregnant  woman  are  such  that  protein, 
and  perhaps  other  nutrients,  can  be  conserved  for  fetal  use.  In  a 
large  group  of  pregnant  women  studied  in  Nashville26  an  average 
calorie  intake  of  2,100  was  reported.  Such  an  intake  is  much 
below  widely  accepted  requirements,  but  no  consequent  harm 
was  evident.  Requirements  may  be  set  too  high,  but  it  is  undoubt¬ 
edly  true  that  metabolic  alterations  permit  fetal  growth  to  take 
place,  and  the  mother  can  remain  in  health  by  conservation  of 
needed  nutrients.  Metabolic  changes  may  be  brought  about  by 
alterations  in  endocrine  balance  with  subsequent  differences  in 
enzyme  activity.  There  is  a  large  amount  of  evidence  relating  to 
adaptive  changes  in  enzyme  systems.27 

Nutrition  adaptation  should  be  considered  in  studies  of  nutri¬ 
tion  conditions.  If  a  study  of  food  intake  only  had  been  done  on 
the  Ceylonese  subjects  of  Nicholls  et  al .,24  the  likely  conclusion 
would  have  been  that  there  was  widespread  deficiency  of  calcium. 
Actually,  most  of  the  subjects  were  in  calcium  balance,  and 
physical  findings  did  not  substantiate  the  impression  of  prevalent 
deficiency.  Adaptation,  as  stated  by  Mitchell23  “is  an  important 
phase  of  that  capacity  of  the  human  race  to  survive  and  thrive 
in  all  climates  and  regions  of  the  earth.” 
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CHAPTER  14 


Causes  and  Prevention 
of  Malnutrition 


INTRODUCTION 

The  problems  in  appraising  nutrition  conditions  have  been 
discussed,  and  it  is  apparent  that  studies  of  nutrition  conditions 
in  prosperous  countries  are  fraught  with  difficulties.  After  review¬ 
ing  available  evidence  regarding  conditions  in  Canada,  Young1 
concluded  that  “overweight  in  adults  probably  represents  the 
commonest  form  of  malnutrition  and  may  be  applicable  to  one 
fifth  of  the  population  over  30  years  of  age.”  Quoting  informa¬ 
tion  from  life  insurance  studies,  Hundley2  has  estimated  that  one 
fifth  of  adults  over  30  years  of  age  in  the  United  States  are  over¬ 
weight  sufficiently  to  affect  their  health.  Hundley  has  noted  over¬ 
weight  is  becoming  more  prevalent  among  white  men  and  less 
prevalent  among  white  women. 

The  prevalence  of  overweight  in  Canada  and  the  United 
States,  together  with  the  lesser  importance  of  deficiencies  in  those 
countries,  can  be  understood  by  considering  the  available 
amount  of  food.  Table  20  has  been  compiled  from  the  FAO 
Second  World  Food  Survey  of  1952. 3  The  first  column  shows  the 
calories  available  per  person,  and  the  second  column  gives  the 
calculated  requirement  of  calories  per  person.  Admittedly,  both 
figures  are  open  to  question  and  give  no  idea  of  actual  con¬ 
sumption  of  individuals.  In  any  country  some  people  may  obtain 
sufficient  or  too  much  while  others  have  too  little  food.  However, 
it  is  evident  that  food  supplies  are  more  than  ample  in  Canada 
and  the  United  States  but  are  deficient  in  a  number  of  other 
countries,  India  being  an  outstanding  example.  The  third 
column  shows  the  per  cent  of  total  calories  obtained  from  cereals, 
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Table  20.  Calorie  Supplies  in  Various  Countries 
(1952  FAO  Report) 


Country 


Calories  Calories 

Available  Required 


Per  Cent  Calories 
from  Cereals, 
Roots  and  Sugar 


Canada 


3,060 

3,130 

2,340 

3.100 
2,050 
2,290 
1,700 

2.100 


2,710 

2,640 

2,440 

2,650 

2,490 

2,390 

2,250 

2,330 


47 

43 

70 

53 

72 

79 

76 

82 


United  States 


Italy 


United  Kingdom 


Mexico 

Egypt 

India 

Japan 


starchy  roots  and  sugar.  If  that  percentage  is  high,  there  is  at 
once  an  indication  that  the  amount  of  animal-source  foods  is 
low.  The  marked  differences  between  Canada  and  the  United 
States  and  some  other  countries  are  evident.  Out  of  1,061  persons 
weighed  during  a  nutrition  survey  in  Madras,4  573  were  below 
80  per  cent  of  the  standard  weight,  450  were  from  80  to  100  per 
cent  of  standard,  and  only  38  persons  (3.3%)  were  classed  as 
overweight. 

The  only  established  cause  of  overweight  and  obesity  is  too 
much  food.  The  evidence  which  has  been  cited  indicates  a  cause 
of  malnutrition  of  a  deficiency  type:  a  lack  of  food.  Two  other 
causes  which  can  operate  in  any  country  are:  (1)  economic  cir¬ 
cumstances;  (2)  ignorance  and  indifference. 

ECONOMIC  ASPECT  OF  MALNUTRITION 
The  principal  conclusions  of  Orr’s  survey  in  Great  Britain' 
were  given  as  follows: 


315 


Economic  Aspect  of  Alalnuhition 


Table  21.  Relation  of  Milk  Consumption  to  Family  Income 


Family  Income 

Per  Capita 
Total  Intake 
Pints 

Intake  of  Milk 
Used  as  Beverage 
Pints 

On  government  relief 

0.54 

0.31 

Under  $1,000.00 

0.69 

0.43 

$l,000.00-$2, 000.00 

0.76 

0.47 

$2,000.00— $4,000.00 

0.81 

0.50 

$4,000.00  and  over 

0.95 

0.63 

of  the  people  of  the  different  groups  suggests  that,  as  income  increases, 
disease  and  death-rate  decrease,  children  grow  more  quickly,  adult 
stature  is  greater  and  general  health  and  physique  improve. 

Several  aspects  of  the  study  by  Orr  should  be  noted.  There  was 
no  physical  examination  of  the  families  whose  food  purchases 
had  been  studied.  Data  regarding  health  conditions  were  ob¬ 
tained  from  a  variety  of  sources,  and  it  was  inferred  that  general 
statements  could  be  made  for  the  different  income  groups’.  The 
study  was  made  during  depression  years  when  economic  condi¬ 
tions  generally  were  bad.  However,  this  study  had  a  marked 
influence  on  the  carrying  out  and  the  interpretation  of  investiga¬ 
tions  of  food  intake  in  Britain  and  in  other  countries.  Much 
attention  was  given  to  the  relation  of  financial  income  to  food 
use.  From  various  studies  there  accumulated  information  that 
families  at  lower  income  levels  had  food  intakes  which  were 
less  adequate  than  those  used  by  families  at  higher  levels. 

An  example  of  the  type  of  information  obtained  is  taken  from 
a  report  of  a  study  on  the  use  of  protein  foods  by  families  in 
vaiious  aieas  of  Canada.®  fable  21  shows  the  calculated  per 
capita  use  ol  milk  by  families  with  varying  economic  circum¬ 
stances.  This  table  shows  that  the  total  use  of  milk  and  its  intake 
as  a  beverage  increased  as  family  income  rose.  This  study  illus¬ 
trates  the  conclusion  reached  from  a  number  of  other  similar 
projects,  that  financial  income  has  an  effect  on  food  use  and 
that  families  in  poor  circumstances  are  handicapped  in  their 
purchases  of  foods.  Essentially,  this  conclusion  could  be  regarded 
as  a  matter  of  common  sense  and  could  be  anticipated.  It  would 
be  expected  that  poverty  would  be  a  cause  of  deficiency  nutrition. 
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The  interrelation  of  economic  conditions  and  of  other  factors 
was  brought  out  in  a  study  of  urban  employed  wage-earners  by 
Stiebeling  and  Phipard  in  the  United  States.7  The  following 
quotations  indicate  the  findings: 


The  diets  of  families  in  different  regions  were  classified  as  good,  fair, 
or  poor,  according  to  their  nutritive  content  per  requirement  unit.  At 
each  important  level  of  expenditure  for  food,  all  grades  of  diet  were 
found,  but  the  percentage  that  fell  in  the  highest  grades  increased  with 
rising  expenditure  for  food. 

The  chances  for  better  diets  increased  with  rising  per-capita  expend¬ 
iture  for  foods.  This  was  due  chiefly  to  a  more  liberal  use  of  milk, 
meat,  eggs,  leafy  green  vegetables,  and  fruits,  when  more  money  was 
available.  But  the  quality  of  the  food  supply  selected  by  families  was 
by  no  means  only  a  matter  of  level  of  food  expenditure.  At  every  ex¬ 
penditure  level  above  a  certain  minimum,  some  families  succeeded  in 
obtaining  good  diets  but  others  procured  food  only  fair  or  poor  from 
the  standpoint  of  nutritive  value.  For  example,  with  an  expenditure 
of  $2.50  a  person  a  week  for  food,  32  per  cent  of  the  families  in  East 
South  Central  cities  bought  good  diets,  while  another  37  per  cent 
obtained  diets  that  were  classed  as  poor. 

The  interpretation  in  the  last  preceding  sentence  should  be 
noted.  The  food  expenditure  was  given  per  person  and  not  per 
family.  This  is  important  because  the  number  of  persons  sharing 
the  family  income  has  a  bearing  on  food  intake.  Obviously,  a 
large  family  will  be  more  handicapped  than  a  small  family  in 
maintaining  themselves  at  a  given  low  income  level. 

However,  it  is  essential  to  note  that  when  calculations  of  food 
expenditures  were  made  on  a  per  person  basis,  some  families 
were  able  to  obtain  more  nutritive  food  supplies  than  were  other 
families  in  the  same  per  person  income  range.  In  1941,  a  com¬ 
parison  of  two  groups  of  families  in  Toronto  was  reported.8  The 
two  groups  were  at  two  different  income  levels  per  family.  By 
calculating  the  per  person  income  it  was  possible  to  compare 
families  from  the  two  groups  who  had  the  same  per  person 
income  because  of  differences  in  family  size.  Thus,  the  com 
parison  was  between  small  families  having  a  low  total  income, 
with  large  families  having  a  higher  total  income.  With  the  same 
per  person  income,  families  in  the  higher  econonnc  group  secme 
In  every  instance  a  more  nearly  adequate  food  intake.  A  con, 
parison  on  the  basis  of  actual  per  person  expend, ture  for  food 
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showed  that  higher  family  income  families  obtained  more  nutri¬ 
tive  value  for  the  money  expended.  The  following  conclusion 
was  reported:  “An  increasing  amount  of  evidence  shows  clearly 
that  many  families  are  spending  sufficient  money  to  secure  an 
adequate  diet  but  are  failing  to  do  so  because  of  a  lack  of  knowl¬ 
edge  regarding  economical  purchasing.”  This  conclusion  is  valid, 
as  was  pointed  out  by  Stiebeling  and  Phipard7  provided  that  the 
income  is  above  a  critical  minimal  range. 

IGNORANCE  AND  INDIFFERENCE  AS  CAUSES 
OF  MALNUTRITION 

Provided  that  a  variety  of  foods  is  available  and  that  people 
have  sufficient  money  to  purchase  foods,  the  selection  of  foods 
should  be  determined  primarily  by  nutrition  needs.  That  type 
of  choice  can  be  made  and  appetizing  meals  obtained  if  the 
information  regarding  food  choice  is  available  and  is  used.  In¬ 
creasing  efforts  have  been  made  in  recent  years  to  disseminate 
the  requisite  information.  Despite  availability  of  such  informa¬ 
tion  in  a  community,  there  is  ample  evidence  that  it  is  not  used 
widely.  A  number  of  factors  influence  food  choice;  the  desire 
to  select  foods  to  meet  needs  is  frequently  not  among  the  oper¬ 
ating  factors.  Various  factors  were  listed  in  Chapter  1.  Avail¬ 
ability  plus  financial  ability  to  purchase  constitutes  the  primary 
factors.  On  the  other  hand,  the  situation  can  be  seen  in  which 
foods  become  available  when  there  is  a  popular  demand  for  them. 
The  writer  has  seen  stores  in  a  goitrous  area  devoid  of  stocks  of 
iodized  salt  because  there  was  no  ready  sale  for  it.  Foods  can  be 
made  popular  and  a  demand  created.  A  good  example  is  the 
increasing  availability  of  citrus  fruits  and  juices  in  the  United 
States  and  Canada.  Fifty  years  ago  oranges  were  treats  for  special 
occasions;  today  they  are  used  very  frequently  by  many  people. 

While  changes  in  food  habits  can  be  brought  about  there  is 
a  rigidity  about  them  which  is  the  main  obstacle  to  encouraging 
people  to  select  food  on  a  nutrition  basis.  Food  habits  are  ac¬ 
quired  in  childhood  and  are  passed  on  from  one  generation  to 
the  next.  The  food  habits  of  the  father  may  be  the  dominant 
influence  on  food  use  by  the  family  and  on  the  formation  of 
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food  habits  by  the  children.  Racial  customs,  religious  practices 
and  other  factors  help  to  mold  food  habits. 

Information  regarding  food  choice  is  particularly  important 
when  a  limited  amount  of  money  is  available.  In  a  study  of  food 
use  by  low-income  families  in  Toronto9  information  obtained 
is  pertinent.  The  information  is  as  follows: 


Number  of 

PERSONS  IN 

Per  person 

WEEKLY  FOOD 

Per  cent  of 

RECOMMENDED  INTAKES 

OBTAINEIE 

FAMILY 

COST 

Calories 

Protein 

Calcium 

Iron 

Family  1  4 

$1.70 

66 

67 

74 

56 

Family  2  4 

$1.66 

91 

82 

83 

64 

The  first  family  obtained  4  lbs.,  12  ozs.  of  meat  for  $1.06;  the 
second  purchased  6  lbs.,  5  ozs.  of  meat  for  $1.08.  In  the  first 
family  twice  as  much  money  was  spent  for  tea  and  sugar  as  in 
the  second  family.  The  first  family  bought  expensive  vegetables 
and  fruits  which  supplied  no  greater  nutritive  values  than  were 
obtained  by  the  second  family  for  less  money.  This  sort  of  situa¬ 
tion  is  by  no  means  unique  for  these  particular  families.  It  can 
be  seen  frequently.  In  many  cases  money  could  be  saved  by 
buying  foods  of  greater  nutritive  value  than  those  commonly 
used. 

The  lack  of  knowledge  about  food  choice  and  the  failure  to 
use  existing  information  is  by  no  means  applicable  only  to 
Canada  and  the  United  States.  In  a  discussion  of  Kwashiorkor, 
C.  D.  Williams  made  the  following  statements10: 

Kwashiorkor  is  prevented  by  a  reasonably  good  diet  for  mother  and 
child.  Prevention  lies  in  teaching  the  parents  what  food  to  provide  for 
themselves  and  their  children.  In  many  areas  this  food  is  not  available 
at  present-  only  comprehensive  undertakings  that  will  coordinate  agri¬ 
culture,  education,  and  health  can  be  of  any  use.  In  many  other  areas 
it  is  ignorance,  prejudice,  and  wastefulness  that  is  respons.ble-not 

poverty. 


PREVENTION  OF  MALNUTRITION  -  OVERWEIGHT 
Heredity  is  frequently  blamed  in  the  case  of  obesity  in  humans. 
There  is  scant  evidence  to  substantiate  this  claim.  What  appears 
to  be  heredity  is  really  a  passing  on  of  food  habits  from  one 
generation  to  the  next.  Children  of  "heavy  eaters  ten 
become  so.  and  the  trend  toward  overweight  is  begun, 
step  in  the  prevention  of  obesity  is  to  encourage  children  to 
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the  foods,  in  kind  and  in  quantity,  to  meet  nutrition  requirements 
and  not  to  overeat. 

The  current  advice  regarding  food  selection  contained  in  eithei 
The  Basic  Seven  or  in  Canada’s  Food  Rules  was  designed  to 
make  use  of  foods  readily  available  in  the  United  States  and  in 
Canada.  The  advice  was  arranged  so  that  adequate  supplies  of 
protein,  nutrient  elements  and  vitamins  would  be  obtained  if 
the  advice  were  followed.  Adherence  to  such  advice  ensures 
adequate  nutrition  and  provides  an  intake  of  calories  which 
would  not  be  excessive.  That  type  of  advice  is,  then,  a  very 
satisfactory  method  of  preventing  both  excess  and  deficiency 
nutrition  status. 

Prevention  of  obesity  is  much  more  desirable  than  the  treat¬ 
ment  of  established  obesity.  Prevention  is  much  easier  to  accom¬ 
plish  and  is  more  desirable  from  the  viewpoint  of  health.  It  is 
particularly  important  that  overweight  parents  realize  their 
responsibility  to  their  children. 

Excess  nutrition  can  exist  with  regard  to  individual  nutrients. 
In  some  cases  the  absorption  can  be  altered  to  suit  needs.  There 
is  considerable  evidence  that  the  absorption  of  iron  is  geared  to 
bodily  need.  Calcium  absorption  can  be  altered  and  is  much 
more  efficient  when  a  person  is  habituated  to  a  small  intake.  Un¬ 
absorbed  iron  and  calcium  are  excreted  in  the  feces,  and  such 
excretion  is  essentially  a  waste.  In  the  case  of  unwanted  nutrients 
which  are  absorbed  and  are  water-soluble,  excess  quantities  are 
excreted  in  the  urine.  This  is  true  of  ascorbic  acid  and  other 
water-soluble  vitamins.  Urinary  excretion  of  phosphorus  and 
calcium  can  be  teduced  to  conserve  body  supplies.  In  general,  it 
can  be  said  that  excess  intakes  of  nutrients  have  not  been  shown 
to  confer  added  benefits.  In  many  cases,  the  taking  of  vitamin 
supplements  by  a  person  who  is  obtaining  requisite  amounts  in 
foods  gives  no  increased  level  of  health  and  is  a  waste,  both 
physiologically  and  financially. 

PREVENTION  OF  DEFICIENCY  MALNUTRITION  - 
PROVISION  OF  FOOD 

When  there  is  a  severe  lack  of  food  as  in  areas  visited  >ov 
prolonged  drought  or  after  disasters  like  floods,  air  raids,  etc.,  a 
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supply  of  food  must  be  brought  in  to  meet  emergency  needs  at 
least.  Under  such  circumstances  the  primary  requirement  is  for 
energy,  and  emphasis  is  placed  upon  foods  to  furnish  energy.  If 
the  provision  of  food  is  to  be  continued  for  an  extended  period, 
attention  must  he  given  to  supplying  essential  nutrients.  The 
immediate  goal  is  to  ensure  that  minimal  needs  are  met.  The 
kinds  of  foods  to  be  provided  may  be  determined  by  problems 
of  transportation,  storage,  and  amount  of  preparation  and 
cooking  required.  Dehydrated  or  concentrated  foods  may  be 
indicated  to  save  transportation.  Canned  foods  may  be  desirable 
because  of  storage  or  to  save  cooking.  It  is  an  advantage  to  supply 
foods  which  do  not  require  a  marked  change  in  food  habits. 

Under  more  normal  conditions  foods  may  be  provided  to  meet 
specific  deficiencies  in  an  area,  to  overcome  financial  inability  to 
purchase  food,  or  in  industries  and  schools  when  it  is  not 
possible  for  workers  or  children  to  get  home  for  a  meal.  Several 
basic  questions  need  consideration.  What  are  the  nutrition  needs? 
What  is  the  best  way  of  meeting  the  determined  needs?  Action  is 
frequently  taken  without  an  analysis  of  the  local  situation,  and 
ill-considered  action  may  do  more  harm  than  good.  A  scheme 
for  the  distribution  of  milk  in  schools  may  be  started  without 
determining  whether  the  plan  actually  is  needed  and  may  result 
in  a  decrease  in  the  total  use  of  milk  in  the  community  if  mothers 


depend  on  the  children  receiving  milk  at  school.  The  motive  may 
not  be  the  welfare  of  the  children  but  may  be  designed  to  use 
up  surplus  supplies  or  to  promote  a  particular  product.  However, 
if  the  study  of  local  conditions  shows  a  deficiency  which  cannot 
be  corrected  by  changes  in  food  habits,  provision  of  a  supple¬ 
ment  may  be  beneficial.  Various  illustrations  of  the  provision  of 
supplements  could  be  given,  but  only  one  will  be  cited. 

In  1945  the  report  of  a  nutrition  survey  in  Newfoundland  was 
published.11  This  gave  the  impression  that  deficiency  malnutxi- 
tion  was  prevalent.  In  a  discussion  of  food  availability,  it 
pointed  out  that  milk  was  scarce,  since  there  was  little  arable 
land.  Following  that  survey  several  supplements  were  provided 
to  school  children  by  the  government.12  To  offset  the  scarcity  o 
milk,  one  supplement  was  a  mixture  of  skim  nnlk  powder,  sug 
and  cocoa,  which  was  used  to  provide  a  hot  drink  during  tie 
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day.  A  second  survey  in  1949  led  to  the  conclusion12  that  the 
prevalence  of  nutrition  deficiencies  had  been  lessened.  However, 
it  was  not  possible  to  conclude  that  a  single  supplement  had 
been  responsible  for  an  improvement,  since  a  number  of  meas¬ 
ures  were  undertaken  at  the  same  time  (flour  and  margarine 
were  enriched  with  vitamins,  an  orange  juice  preparation  and 
cod-liver  oil  were  distributed).  While  the  distribution  of  milk 
powder  was  done  to  meet  an  indicated  need  for  milk,  the  actual 
result  was  negligible.  On  each  of  160  school  days,  the  average 
amount  of  milk  powder  obtained  per  child  was  24  Gm.  For  a 
full  year  of  365  days  the  free  distribution  of  milk  powder  in 
schools  increased  the  average  child’s  intake  per  day  by  38  calo¬ 
ries,  2.7  Gm.  of  protein  and  97  mg.  of  calcium.  While  this  meas¬ 
ure  was  based  on  an  indicated  need,  a  truly  beneficial  conti ibu- 
tion  was  not  obtained. 

The  provision  of  food  can  be  amplified  to  provide  full  meals, 
and  these  may  be  designed  to  include  particular  foods  which  are 
scarce  in  the  area.  In  acute  emergencies,  particularly  where  house¬ 
hold  equipment  has  been  lost  or  destroyed,  the  full  meal  serves 
an  especially  useful  purpose,  since  it  enables  people  to  receive 
hot  food  with  benefits  to  nutrition  and  to  morale.  Under  normal 
conditions  meals  may  be  provided  in  central  establishments  to 
offset  unsatisfactory  economic  conditions  or  a  scarcity  of  food. 
In  1941  the  Mexican  Government  set  up  a  central  dining  room 
in  Mexico  City  to  provide  meals  for  families  of  employed  workers 
whose  incomes  were  below  the  minimum  considered  necessary  to 
provide  good  meals  at  home.  A  comparison  of  the  nutrition  status 
of  a  group  of  families  before  they  began  eating  in  the  central 
dining  room  with  their  status  13  months  later  was  made.  Prac¬ 
tically  no  improvement  was  observed,  and  it  was  concluded13: 
“The  failure  to  demonstrate  more  improvement  must  be  due 
either  to  a  better  nutrition  status  on  entry  than  was  assumed  to 
exist  on  the  basis  of  the  dietary  studies,  or  to  failure  of  the 
physical  and  laboratory  methods  to  detect  mild  degrees  of  defi¬ 
ciency  or  of  nutrition  improvement.  It  is  believed  that  both 
factors  were  operative.” 

In  Britain  during  World  War  II  canteens  and  dining  halls, 
known  as  British  Restaurants,  were  set  up  in  industrial  areas.  At 
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that  time  food  was  severely  rationed,  and  families  could  augment 
their  limited  supplies  by  eating  in  the  establishments.  In  addi¬ 
tion,  a  large  number  of  housewives  were  working  in  war  indus¬ 
tries  with  consequent  difficulty  in  preparing  meals  at  home. 

The  provision  of  noon  meals  in  schools  has  been  expanded 
greatly  in  recent  years.  Several  factors  have  been  responsible  for 
the  expansion.  In  Great  Britain  the  school  lunch  program  was 
begun  during  World  War  II  and  was  part  of  a  general  under¬ 
taking  to  improve  nutrition  conditions  despite  the  scarcity  and 
the  consequent  rationing  of  food.  A  general  school  lunch  pro¬ 
gram  was  begun  in  the  United  States  during  the  latter  part  of 
the  depression  and,  initially,  served  three  purposes.  The  school 
lunchrooms  provided  employment  when  there  was  considerable 
unemployment.  They  also  served  as  an  outlet  for  supplies  of 
farm  products  and  foods,  designated  as  surplus  by  the  govern¬ 
ment  and  supplied  to  schools  at  government  expense.  The  school 
lunchrooms  also  provided  meals  to  children  from  homes  having 
economic  problems.  Another  important  influence  on  the  provi¬ 
sion  of  noon  meals  in  schools  has  been  the  development  of  schools 
serving  large  areas  with  children  transported  to  the  schools, 
sometimes  from  considerable  distance  and  unable  to  go  home 
at  noon. 

The  development  of  school  lunch  programs  has  been  accom¬ 
panied  by  a  general  feeling  that  the  nutrition  status  and  the 
health  of  children  is  improved  thereby.  Very  few  studies  have 
been  done  to  ascertain  the  effects  of  school  meals  on  children.  In 
1946-49  there  was  conducted  a  detailed  study  on  elementary 
school  children  in  Toronto  to  determine  the  effects  of  school 
meals,  provided  every  school  day  for  2  years.  The  study  was 
financed  by  the  Canadian  Red  Cross  Society  and  was  directed  by 
F.  F.  Tisdall.  The  study  was  designed  to  answer  specific  ques¬ 
tions  concerning  the  rate  of  growth,  the  physical  and  dental 
condition  of  the  child,  the  child’s  mental  development  and 
school  achievement,  and  the  effect  of  the  meal  upon  absenteeism 
and  resistance  against  infection.  Two  statistically  matchec 
groups  of  children  were  used,  one  receiving  regularly  noon  meals 
at  school,  the  other  group  given  no  meals  and  serving  as  a 
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control.  Complete  details  of  the  observations  have  been  pub¬ 
lished14  and  can  be  summarized  briefly: 

Although  the  families  whose  children  took  part  in  this  investigation 
had  low  incomes,  they  were  in  fair  position  economically  since  the 
cost  of  food  and  their  rents  were  relatively  low.  As  a  result  the  children 
were  in  good  physical  condition  at  the  outset.  No  clear-cut  improve¬ 
ment  was  evident  in  the  children  receiving  the  excellent  school  lunch 
for  two  years.  However,  the  children  who  attended  90  per  cent  or  more 
of  the  lunches  did  show  slight  improvement  in  their  physical  condition 
and  growth,  in  the  level  of  ascorbic  acid,  carotene,  and  vitamin  A  in 
their  serum,  in  the  condition  of  their  teeth,  in  absenteeism,  and  in  their 
home  dietaries.  Only  the  girls  showed  a  slight  improvement  in  physical 
fitness.  Apart  from  the  growth  of  the  calf  and  the  biochemical  meaure- 
ments  mentioned  above,  the  differences  were  not  large  enough  to  be 
significant  statistically.  It  is  doubtful  whether  any  of  the  differences 
were  of  practical  significance. 

Several  explanations  of  these  negative  findings  need  to  be  con¬ 
sidered.  First,  the  children  (as  was  pointed  out  in  the  report) 
were  in  fairly  good  condition  at  the  start.  If  they  had  been 
seriously  malnourished,  cpiite  different  findings  might  have  been 
.obtained,  particularly  if  the  school  meals  had  corrected  particu¬ 
lar  deficiencies.  However,  the  contribution  made  to  nutrition 
status  by  school  meals  under  most  conditions  might  not  be  antici¬ 
pated  to  be  great.  In  most  communities,  children  attend  school 
for  about  200  days  each  year.  In  a  year  of  365  days,  children 
should  have  3  X  365  =  1,095  meals,  of  which  200  can  be  secured 
by  eating  a  noon  meal  at  school  every  school  day.  The  major 
portion  of  the  total  number  of  meals  (895  or  about  82%)  are 
eaten,  presumably,  at  home.  It  would  not  be  expected  that  18 
per  cent  of  the  total  meals  eaten  in  a  year  would  affect  health 
unless  the  meals  at  home  were  seriously  inadequate  with  marked 
deficiencies  made  good  by  the  school  meals. 

While  the  service  of  noon  meals  in  schools  may  not  make 
definite  contribution  to  the  nutrition  status,  they  do  serve  other 
useful  functions.  In  schools  drawing  children  from  large  areas, 
the  pupils  cannot  get  home  at  noon  and  must  depend  on  a 
brought  lunch,  generally  cold,  unless  a  meal  is  available  in  a 
school  lunchroom.  School  meals  are  generally  more  comfortable 
than  cold  lunches.  The  school  meal  can,  and  should,  provide  a 
practical  demonstration  of  the  choice  of  food  on  a  nutrition 
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basis.  Since  doing  is  a  useful  way  to  learn,  children  can  learn 
about  the  nutritional  choice  of  food  in  a  school  lunchroom.  The 
information  thus  obtained  can  alter  family  food  patterns.  Such 
an  effect  was  definitely  observed  in  the  Canadian  Red  Cross 
study14;  the  buying  habits  and  the  food  habits  of  families  of 
children  who  received  school  meals  changed  significantly  while 
no  such  alteration  took  place  in  control  families.  The  school 
meals  should  be  closely  allied  to  health  education  and  should 
serve  as  an  opportunity  to  practice  nutrition  knowledge  acquired 
in  the  classroom.  In  addition  to  these  benefits,  a  school  lunch¬ 
room  provides  an  opportunity  for  social  intercourse  and  for  the 
practice  of  etiquette. 

PREVENTION  OF  MALNUTRITION  -  EDUCATION 

The  application  of  nutrition  knowledge  regarding  require¬ 
ments  and  the  choice  of  foods  to  meet  requirements  depends  on 
education  and  on  the  creation  of  a  desire  to  utilize  knowledge. 
In  practice,  the  choice  of  food  depends  on  food  habits,  the 
formation  of  which  begins  in  young  children  and  is  influenced 
by  a  variety  of  factors.  If,  in  later  life,  a  person  is  motivated  to 
apply  nutrition  information  personally,  a  change  in  long¬ 
standing  and  generally  rigid  habits  is  required.  Such  a  change 
is  not  easy  to  make,  and  strong  motivation  is  required.  Nutrition 
education  must  supply  not  only  the  information  regarding  the 
wise  use  of  food  but  also  must  furnish  the  motivation  required 
to  bring  about  the  change  in  habits.  In  practice,  also,  nutrition 
education  must  counteract  prejudice,  old  wives’  tales,  and  mis¬ 
information  supplied  for  commercial  purposes. 

The  formation  of  food  habits  begins  in  infancy.  If  modern 
practices  in  feeding  are  followed,  the  baby  is  introduced  grad¬ 
ually  to  the  tastes  and  textures  of  foods,  the  use  of  which  should 
continue  indefinitely.  The  basic  food,  milk,  is  the  best  source  of 
calcium  and  riboflavin  available  in  countries  which  have  plentiful 
supplies  of  milk.  In  Britain,  the  United  States  and  Canada,  milk 
is  a  cheap  source  of  complete  protein.  One  problem  in  connection 
with  milk  is  to  ensure  continuance  in  use.  If  adults  in  a  fami  y 
do  not  drink  milk  or  if  they  make  fun  of  milk,  children  raise 
in  that  atmosphere  develop  the  opinion  that  milk  is  satisfactory 
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for  babies  but  not  for  adults.  Education  can  be  used  to  correct 
this  fallacy.  In  feeding  a  baby  properly,  sources  of  vitamin  C  ane 
D  are  supplied  early.  So  far  as  vitamin  D  is  concerned,  there 
should  be  started  a  habit  to  be  continued  so  long  as  growth  is 
taking  place.  In  the  case  of  vitamin  C,  a  lifelong  habit  should  be 
initiated.  This  makes  desirable  the  use  of  a  natural  product  which 
is  available  in  the  community,  the  consumption  of  which  can  be 
continued.  In  most  parts  of  the  United  States  and  Canada  orange 
juice  is  such  a  food.  If  we  are  thinking  of  the  establishment  of 
food  habits,  it  is  better  to  give  orange  juice  to  babies  than  to  add 
ascorbic  acid  to  milk.  Modern  practice  involves  the  feeding  of 
eggs,  cereal,  vegetables,  fruits  and  meats  fairly  early  in  the  life 
of  a  baby.  In  this  case,  we  are  starting  the  use  of  foods  which 
should  continue  throughout  life.  Consequently,  it  is  suitable  to  ac¬ 
custom  the  child  to  these  foods  in  forms  in  which  they  will  be 
eaten  later.  The  gradual  shifting  in  texture  from  puree  to  coarse 
particles  and,  presently,  to  intact  food  is  desirable  not  only  for 
chewing  but  to  accustom  the  child  to  the  use  of  foods  which 
should  be  part  of  regular  habits.  During  this  period  it  is  most 
advisable  to  encourage  the  child  to  like  all  foods  and  to  be  inter¬ 
ested  in  a  variety.  Here  the  attitude  of  the  parents  is  important. 
It  is  easier  to  meet  nutrient  needs  from  a  variety  of  foods  than 
from  a  restricted  list.  The  use  of  a  variety  of  foods  makes  life 
more  interesting.  It  is  a  shame  to  have  the  prejudice  of  parents 
inflicted  on  children  and  become  a  real  influence  in  the  forma¬ 
tion  of  food  habits. 

If  all  parents  had  sufficient  knowledge  of  nutrition  and  used  it 
in  feeding  children,  nutrition  problems  would  disappear.  Studies 
on  food  use  by  children  in  various  parts  of  Britain,  the  United 
States  and  Canada  show  that  such  is  not  the  case.  A  principal 
nutrition  problem  is  overweight  and  obesity.  There  is  no  proof 
that  a  tendency  to  be  overweight  is  biologically  inherited.  The 
explanation  for  apparent  inheritance  is  the  passing  on  of  food 
habits  from  one  generation  to  the  next.  If  parents  are  heavy 
eaters,  the  children  are  likely  to  become  so  and  to  be  overweight 
even  in  childhood  and  adolescence.  This  aspect  of  the  formation 
of  food  habits  is  not  frequently  considered,  despite  a  need  to  do 
so.  One  of  the  responsibilities  of  parenthood  is  to  help  children 
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form  good  eating  habits.  Healthful  food  habits  do  not  include 
overeating.  It  is  particularly  urgent  that  overweight  parents  keep 
this  in  mind  in  the  feeding  of  children.  The  prevention  of  over¬ 
weight  is  much  easier  than  its  treatment.  Health  education,  in¬ 
cluding  nutrition,  would  be  unnecessary  in  schools  if  all  parents 
used  nutrition  information  in  feeding  children.  Since  there  is 
plenty  of  evidence  that  many  parents  do  not  do  this,  nutrition 
education  in  schools  is  advisable.  While  arguments  can  be  ad¬ 
vanced  that  the  function  of  education  is  the  training  of  the  mind 
and  that  schools  should  not  waste  time  on  frills  like  health  edu¬ 
cation,  most  educationalists  approve  the  development  of  a  sound 
mind  in  a  sound  body.  Various  fundamental  problems  are  in¬ 
volved  in  providing  health  education  in  schools. 

If  health  education,  including  of  course  nutrition,  is  to  be 
provided  in  schools,  it  is  essential  that  teachers  know  what  to 
teach  and  how  to  teach  it.  No  subject,  whether  it  be  Health  or 
English,  can  be  taught  effectively  unless  the  communicated 
knowledge  is  practiced  personally  by  the  teacher.  If  health  is  to 
be  taught  in  schools,  it  must  be  included  in  teacher  training  and 
it  must  be  part  of  the  environment  of  the  school.  Health  may 
be  included  in  a  school  curriculum  and  treated  perfunctorily  be¬ 
cause  it  is  not  an  examination  subject.  A  major  problem  is  to 
teach  health  in  such  a  way  that  it  is  interesting  and  does  not 
develop  either  boredom  or  actual  aversion.  Children  learn  by 
doing  better  than  by  being  talked  to.  They  can  learn  best  about 
nutrition  by  eating;  hence,  a  school  lunchroom  should  be  the 
practical  experience  for  classroom  teaching.  Even  in  the  class¬ 
room,  activities  can  be  used  to  teach  nutrition,  and  teaching  of 
several  subjects  can  be  combined.  Social  studies  can  include  de¬ 
velopment  of  interest  and  sympathy  for  the  food  habits  of  various 
races.  If  essays  are  to  be  written  for  training  in  English,  they 
could  profitably  be  about  food  use,  a  subject  closer  to  the  life  of 
most  children  than  the  United  Nations.  Posters  about  food  use 
can  be  used  for  art  instruction  as  easily  as  other  matters.  ore- 
over,  homemade  posters  are  likely  to  have  more  effect  than  pro¬ 
fessional  ones  brought  into  the  classroom.  With  children  over 
Years  of  age,  simple  classroom  demonstrations  can  be  done  y 
the  children.  Animal-feeding  projects  have  been  found  to  sen 
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a  very  useful  purpose  in  interesting  children  in  healthful  foods. 
Milk  can  be  separated  into  several  components  (fat,  protein,  ca  - 
cium),  and  the  value  of  these  components  discussed. 

A  fundamental  aspect  of  nutrition  education  is  that  of  motiva¬ 
tion.  Neither  children  nor  adults  are  likely  to  use  foods  for 
purely  ethical  reasons.  An  easy  way  of  turning  many  children 
against  a  particular  food  is  to  urge  them  to  use  it  because  it  is 
“good  for  them.”  Far  too  often,  this  has  been  the  approach  used 
by  nutritionists.  Children  (and  adults)  eat  foods  because  they 
like  them  or  have  become  accustomed  to  them.  The  presentation 
of  nutrition  information  can  give  the  impression  that  adherence 
to  nutrition  advice  means  doing  one’s  duty  by  eating  unpleasant 
meals.  It  is  most  important  not  to  give  this  impression,  particu¬ 
larly  to  children.  We  need  to  realize  that  healthful  foods  can  be 
used  to  give  attractive  meals.  Even  the  phrase  used  so  often,  a 
good  diet”  or  “a  balanced  diet,”  can  give  the  wrong  aspect  to 
nutrition  advice.  Normal  people  desire  attractive,  appetizing 
meals  not  “balanced  diets.”  Nutritionists  can  improve  this  situa¬ 
tion  by  talking  about  meals  in  place  of  diets. 

While  nutrition  education  should  be  provided  for  both  boys 
and  girls  as  part  of  a  program  to  develop  habits  of  healthful  liv¬ 
ing,  there  is  a  special  aspect  of  nutrition  education  for  girls  in 
the  teaching  of  home  economics  or,  to  use  a  better  name,  home¬ 
making.  Future  housewives  and  mothers  need  training  in  the 
making  and  the  maintenance  of  a  family  home.  Flealthy  girls 
make  healthy  mothers  and  help  to  ensure  healthy  babies.  The 
nutrition  education  of  girls  should  inspire  an  interest  in  cooking 
and  in  the  preparation  of  appetizing  meals  using  food  selected 
to  meet  nutrition  requirements.  Food  provides  no  nutritive  value 
unless  it  is  eaten,  and  good  cooking  is  important.  Training  in 
homemaking  is  not  a  frill  in  education  but  is  insurance  for  a 
better  future. 

Eland  in  hand  with  nutrition  education  for  children  is  similar 
provision  for  parents.  Children  cannot  eat  food  unless  it  is  avail¬ 
able.  There  is  no  doubt  that  nutrition  education  does  carry  over 
mto  homes.  A  desire  strongly  voiced  by  children  can  help  to 
make  a  particular  food  available.  Education  of  parents  and  of 
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adults  in  a  community  is  still  necessary  and  should  be  a  part  of 
the  general  health  program. 

Various  technics  are  used  in  interesting  people  in  food  choice 
and  in  supplying  information.  Some  of  these  will  be  discussed 
briefly,  and  the  discussion  will  be  based  largely  on  the  personal 
experience  of  the  author. 

Addresses  at  meetings  and  radio  talks  are  used  frequently.  One 
of  the  difficulties  in  having  meetings  to  interest  people  in  nutri¬ 
tion  is  that  the  audience  is  generally  composed  of  those  who  are 
already  interested.  The  uninterested  rarely  attend  meetings.  It  is 
essential  that  the  meeting  be  attractive  and  not  dull.  The  word 
“nutrition”  used  in  the  title  of  an  address  at  a  meeting  can  have 
a  repulsive  effect.  People  can  be  interested  in  food  but  not  in  an 
abstract  discussion  of  nutrition.  Often,  movie  films  are  shown  at 
meetings.  Films  need  to  be  selected  with  care  and  should  be  ap¬ 
propriate  to  the  intellectual  and  the  social  levels  of  most  of  the 
audience.  A  film  showing  expensive  kitchen  equipment  may  not 
be  suitable  for  housewives  from  low-income  families.  If  a  film  is 
used,  it  will  be  more  effective  if  there  is  a  suitable  introduction 
for  it  and  a  concise  summary  after  the  film.  If  radio  talks  are  to 
be  used  in  a  community,  it  should  be  remembered  that  they  will 
likely  have  to  compete  with  entertainment;  dullness  must  be 
avoided.  In  presenting  information  about  foods  it  is  important 
for  a  speaker  to  have  the  audience  aware  that  he  is  sincere  and 
that  he  himself  has  practiced  what  he  preaches.  The  recitation 
of  some  information  acquired  by  reading  is  generally  both  inef¬ 
fective  and  harmful. 

Public  health  nurses  are  often  the  most  effective  means  of  edu¬ 
cating  families  about  nutrition,  especially  in  conversations  in 
homes  with  mothers.  The  public  health  nurse  enters  a  home  with 
valuable  prestige  which  renders  more  effective  the  information 
that  she  presents.  Particularly  in  dealing  with  low-income  fam¬ 
ilies,  the  information  should  be  simple  and  practical.  Frequently, 
the  mother  needs  help  in  the  economical  purchase  of  food  This 
makes  it  necessary  for  the  nurse  not  only  to  be  acquainted  wit 
the  choice  of  food  for  nutrition  reasons  but  also  with  food  prices 


and  food  availability  in  the  area.  .  . 

Physicians  and  hospitals  can  and  should  provide  practica 
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trition  information.  More  is  needed  than  the  simple  statement 
that  the  patient  should  have  a  good  diet.  A  doctor  should  tell 
the  patient  which  foods  to  use  and  the  reasons  for  that  choice. 
This  is  particularly  important  regarding  special  diets  and  should 
be  done  even  if  a  specific  diet  is  not  ordered.  Nutrition  influences 
health,  and  the  doctor  has  the  prestige  to  provide  motivation  for 
changes  in  unwise  food  habits.  Unfortunately,  nutrition  is  not 
always  taught  in  medical  courses,  and  physicians  may  be  handi¬ 
capped  by  a  lack  of  nutrition  knowledge. 

Most  patients  in  hospitals  are  anxious  to  get  well  and  sub¬ 
sequently  to  stay  well.  This  attitude  provides  an  opportunity  to 
change  food  habits,  if  a  change  is  desirable.  Adequate  nutrition 
should  be  regarded  as  an  essential  part  of  convalescence.  Patients 
in  hospitals  can  be  encouraged  by  nurses  to  use  foods  to  which 
they  have  not  been  accustomed  previously  and  can  be  encouraged 
to  eat  for  health.  The  reasons  for  the  use  of  a  special  diet  can  be 
explained,  and  the  explanation  helps  to  ensure  that  the  special 
diet  will  be  followed. 

Nutrition  is  now  regarded  as  a  part  of  a  general  program  to 
improve  health  in  a  community.  Present-day  activities  in  public 
health  began  with  sanitation  and  the  control  of  infectious  dis¬ 
eases.  The  modern  concept  is  that  a  health  program  seeks  to  con¬ 
trol  to  the  best  advantage  all  environmental  influences  upon 
health;  it  ascertains  the  needs  of  a  community  improvement  in 
the  environment,  and  it  utilizes  to  the  greatest  extent  the  re¬ 
sources  of  the  community.  This  concept  recognizes  nutrition  as 
part  of  the  environment. 

In  the  practical  application  of  nutrition  it  must  be  remem¬ 
bered  that  adequate  nutrition  is  not  possible  without  the  work 
of  farmers,  agricultural  experts  and  food  distributors.  The  work 
of  the  housewife  is  indispensable  because  in  her  care  in  most 
countries  rests  the  purchase,  the  preparation  and  the  service  of 
food.  The  amount  of  nutrition  knowledge  and  the  cooking  abil¬ 
ity  of  the  housewife  will  be  dominant  factors  in  determining  the 
nutrition  status  of  the  family.  In  efforts  to  improve  nutrition,  the 
nutritionist  needs  many  allies.  It  will  be  useless  to  urge  an  in¬ 
creased  consumption  of  milk  unless  the  needed  quantity  is  avail¬ 
able,  unless  it  can  be  purchased  or  otherwise  obtained,  and  un- 


330 


Causes  and  Prevention  of  Malnutrition 


less  people  are  willing  to  use  it.  The  principle  must  be  extended 
to  all  foods  used  in  the  community.  The  foods  must  be  produced, 
processed  if  necessary,  distributed,  secured  by  families  and  gen¬ 
erally  cooked.  At  every  step  the  question  arises,  what  is  the  effect 
on  nutritive  value?  The  composition  of  soil  affects  the  composi¬ 
tion  of  farm  crops  and  the  yield.  Plant  variety  is  likewise  impor¬ 
tant.  We  must  be  concerned  with  the  effects  of  processing  and 
of  cooking  on  nutritive  value.  All  of  these  aspects  need  to  be 
considered  in  attempts  to  improve  nutrition.  1  o  attain  optimal 
nutrition  in  a  community,  nutritionists  must  work  in  co-opeiation 
with  agriculturists,  economists,  engineers  and  home  economists. 

Nutrition  is  a  branch  of  science  which,  by  research,  is  furnish¬ 
ing  new  and  sometimes  discordant  information.  In  the  last  100 
years  and,  more  particularly,  in  the  past  30  years,  the  list  of 
physiologic  requirements  satisfied  by  ingestion  of  food  has  in¬ 


creased  greatly.  To  the  older  list  of  carbohydrate,  fat  and  pro¬ 
tein  has  been  added  an  expanding  list  of  nutrient  elements  and 
vitamins.  It  cannot  be  concluded  that  the  list  is  yet  complete. 
Knowledge  of  quantitative  requirements  is  far  from  complete. 
Left  to  their  own  devices,  people  will  eat  sufficient  food  to  satis  ) 
hunger  and  energy  needs.  There  is  ample  evidence  that  sub¬ 
consciously  they  will  not  select  foods  to  meet  various  require¬ 
ments.  Since  the  meeting  of  those  requirements  is  a  factor  in¬ 
fluencing  health,  the  practical  application  of  nutrition  informa¬ 


tion  is  essential  to  human  welfare. 
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A  Table  of  Food  Composition 

in  Average  Servings 


Table  22.  Composition  of  Foods,  Common  Household  Units 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Solids  and  liquid,  1  cup  diced  (246 
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Table  22.  Composition  of  Foods,  Common  Household  Units  ( Continued ) 
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Chile  con  carne  (without  beans),  canned, 
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Coleslaw,  1  cup  (120  Gm.) 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Table  22.  Composition  of  Foods,  Common  Household  Units  ( Continued ) 
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1  cup  (246  Gm.) .  59  1.0  0.5  18.9  34  27  0.2  0  0.11  0.01  0.3  122 

1  tablespoon  (15  Gm.) .  4  .1  .0  1.2  2  2  .0  0  .01  Trace  Trace 
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1  lb .  678  23.2  2.7  137.1  41  295 

1  cup  (1-in.  sticks  or  elbow  type, 

140  Gm.) .  209  7.1  .8  42.3  13  91 


Table  22.  Composition  of  Foods,  Common  Household  Units  ( Continued ) 
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Evaporated  (unsweetened),  1  cup 

(252  Gm.) .  346  17.6  19.9  24.9  612  491  .4  1,010 


Condensed  (sweetened),  1  cup  (306 
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Table  22.  Composition  of  Foods,  Common  Household  Units  ( Continued ) 
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Unsweetened,  1  cup  (246  Gm.) .  109  2.0  .5  27.3  25  44  .7  (240)  .17  .04  .6  103 

Sweetened,  1  cup  (251  Gm.) .  135  1.5  .5  34.9  25  45  .8  (250)  .18  .05  .6  105 

Orange  juice  concentrate 

Canned,  1  oz .  65  1.2  .2  16.4  17  25  .5  (140)  .10  .02  .3  63 

Frozen,  1  can  (6  fl.  oz.,  202  Gm.) .  300  5.5  1.4  74.9  69  121  2.0  (670)  .48  .11  1.5  285 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Dry  pack  or  drained  solids  of  wet  pack, 

3  oz .  108  22.8  1.2  -  98  224 

Wet  pack,  solids  and  liquid,  3  oz .  76  15.9  .8  .3  50  129 
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Table  22.  Composition  of  Foods,  Common  Household  Units  ( Continued ) 
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Table  22.  Composition  of  Foods,  Common  Household  Units  (Continued) 
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Accessory  food  factors.  See  Food, 
accessory  factors 
Acids.  See  under  specific  names 
Activity  energy  requirements.  See 
Energy,  requirements, 
activity  needs 
Adaptation,  nutrition,  309 
Additives,  food,  244 
Adolescence,  calcium  require¬ 
ments,  120 

Adults,  nutrition  education  for, 
328 

Amino  acid  (s) ,  catabolism  of,  88 
essential,  89,  90 
requirements,  99 
load  test  for  vitamin  Bg 
deficiency,  308 
in  proteins,  82 
simultaneous  need  for,  93 
synthesis  of,  88 
Animal  studies,  methods,  16 
Appetite  and  thiamine,  173 
Arachidonic  acid,  72 
Ascorbic  acid,  in  blood,  307 
chemistry,  201 
functions,  202 
requirements,  205 
sources,  207 

Atherosclerosis,  definition,  74 
and  essential  fatty  acids,  76 
Avidin,  197 

Balance  studies,  methods,  15 
Balanced  diets,  327 
Basal  metabolic  rate,  measurement 
30 

Basic  seven  food  groups,  252 
Beriberi,  cause,  1 1 
description,  172 
history,  145 
Biotin,  196 


Bland  diets,  277 
Blood,  ascorbic  acid,  307 
calcium,  113 
carotene,  307 
metabolites,  307 
pyruvic  acid,  307 
urea,  as  test  of  vitamin  Be 
deficiency,  308 
vitamin  A,  307 

Body  weight,  relation  to  food 
intake,  42 

Bread,  energy  value  of,  49 
British  Medical  Association 

Dietary  Standard,  228 
British  Restaurants,  321 

Calciferol,  162 
Calcium,  absorption,  114 
balance,  15 
in  foods,  120 
functions,  113 
requirements,  116 
utilization,  1 15 
pantothenate,  195 
Calorie  (s) ,  allowances, 
applications,  41 
definition,  32 

supplies  in  various  countries,  314 
values  of  common  foods,  50 
Calorimetry  of  foods,  direct,  45 
indirect,  46 

Canada’s  Food  Rules,  254 
Canadian  Dietary  Standard,  223 
requirements,  ascorbic  acid,  207 
energy,  40 
fat,  79 

nicotinic  acid,  189 
protein,  97 
riboflavin,  184 
thiamine,  176 
vitamin  A,  157 


381 


382 


Index 


Canning,  effects  of  on  nutritive 
value  of  foods,  241 
Carbohydrates,  chemistry  of,  52 
definition,  52 
and  dental  caries,  61 
energy  value,  47 
estimation  in  foods,  235 
in  foods,  54 

intake  in  relation  to  financial 
income,  59 
requirements,  58 
sparing  action  on  proteins,  59 
synthesis  from  fat,  58 
synthesis  from  protein,  58 
utilization,  55 
Carboxylase,  173 
Carotene  (s) ,  153 
in  blood,  307 

Central  dining  rooms  in  Mexico 
City,'  321 

Cereals,  nutritive  value,  177 
Cevitamic  acid,  201 
Chastek  paralysis,  180 
Cheilosis,  182 

Children,  calcium  requirements, 
120 

Choice  of  foods  to  meet 

requirements,  250 
Cholesterol,  and  atherosclerosis, 
75 

in  blood  plasma,  75 
functions,  73 
occurrence  of,  65 
synthesis  from  carbohydrate,  69 
and  vitamin  D,  162 
Choline  as  lipotropic  factor,  70, 

71 

Cobalamin,  200 
Cobalt,  138 

deficiency  and  vitamin  B12,  200 
Coenzyme  A,  195 
Combined  Food  Board,  292 
Conjugated  protein.  See 

Protein  (s) ,  conjugated 
Conjunctival  thickening,  155,  305 


Cooking,  effect,  on  ascorbic  acid, 
239 

riboflavin,  185 
starch,  239 
thiamine,  180 
Copper,  139 
Corn-eaters’  disease,  187 
Corneal  vascularization.  See 

Vascularization,  corneal 

Deficiencies,  probable,  309 
protein,  108 

Dehydration,  of  foods,  240 
Dental  caries,  carbohydrates,  61 
cause,  61 

Derived  proteins.  See  Protein  (s) , 
derived 

Diabetic  diets,  279 
Diet  (s) .  See  under  specific  diets 
Dietary  standards,  definition,  217 
misuse,  230 
omissions,  229 
use,  230 

Digestion,  of  carbohydrates,  55 
of  fats,  66 
of  proteins,  82 
Disaccharides,  52,  53 

Economic  aspects  of  malnutrition. 
See  Malnutrition, 
economic  aspects 
Education,  nutrition,  324 
Egg-white  toxicity,  196 
Energy,  requirements,  25 
activity  needs,  35 
age,  effect  of,  34 
body  size,  effect  of,  33 
Canadian  Dietary  Standard, 
40 

components,  31 
endocrines,  effects  of,  34 
environmental  temperature, 

effects  of,  34 
F.A.O.  statement,  39 
growth  and,  36 
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Energy,  requirements  ( Continued ) 
in  lactation,  37 
Lavoisier’s  contributions,  25 
maintenance,  32 
average  values,  35 
methods  of  measuring,  28 
in  pregnancy,  37 
sex,  effects  of,  34 
total  estimates,  38 
U.S.  Food  and  Nutrition 

Board  recommendations, 
40 

value  of  foods,  44 

Enrichment,  of  foods,  cereals,  178 
general  policy,  244 

Ergosterol,  161 

Essential  amino  acids.  See  Amino 
acids 

Essential  fatty  acids.  See  Fatty 
acids 

Excess  nutrition,  319 

Excretion  tests,  308 

Extrinsic  factors,  199 

Fads,  food,  and  effect  on  food 
habits,  7 

Fats,  absorption,  67 
chemistry,  63 
classification,  63 
compound,  63 
definition,  63 
derived,  63 
digestion,  66 
energy  value,  47 
estimation  in  foods,  236 
hydrogenation,  63 
hydrolysis,  64 

intake  in  relation  to  financial 
income,  59 
metabolism,  69 
needs  in  food  intakes,  77 
occurrence  in  foods,  65 
requirements,  77 
saponification,  64 


Fats  ( Continued) 
simple,  63 

sparing  action  on  thiamine,  78 
synthesis  from  carbohydrates,  57, 
68 

synthesis  from  proteins,  68 
Fatty  acids,  essential,  72 
and  atherosclerosis,  76 
saturated,  64 
unsaturated,  64 
Fatty  livers,  70 
Ferritin,  128 

Fertilizers,  chemical  and  natural, 
236 

Flexibility  in  food  choice,  256 
Fluorine,  135 
and  dental  caries,  136 
in  drinking  water,  137 
in  foods,  137 
toxicity,  137 

Fetus,  nutrient  requirements,  259 
Folacin,  198 
Folic  acid,  197 

food  additives.  See  additives,  food 
accessory  factors,  46 
balance  sheets,  291 
choice,  instinct  in  relation  to,  4 
composition  tables,  49,  245 
consumption,  changes  in,  293 
Food  and  Agriculture  Organization 
calorie  recommendations,  229 
energy  requirements,  39 
habits,  factors  influencing, 
availability,  5 
economic  conditions,  6 
families,  317 
race,  6 
religion,  6 
formation,  324 
intakes,  errors  in  studies,  300 
evaluation  of  adequacy,  298 
of  families  in  Britain,  314 
family,  food  lists,  294 
incomes,  316 
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Index 


Food  and  Agriculture  Organiza¬ 
tion,  intakes,  family 
( Continued ) 
inventories,  294 
size,  316 
studies,  294 
of  individuals,  295 

by  direct  weighing,  295 
in  household  measures,  296 
by  questioning,  296 
interpretation  of  studies,  300 
nutritive  value  by  calculation, 
297 

population  samples,  300 
reliability  of  records,  301 
studies  of,  291 

of  urban  families  in  U.S.,  316 
usefulness  of  studies,  302 
variation  in,  301 
irradiated,  166 
provision  after  disasters,  319 
supplies  in  community,  291 
carbohydrate  estimation  in,  235 
chemical  analysis,  235 
energy  value,  44 
by  calculation,  47 
of  common  foods,  50 
by  direct  calorimetry,  45 
by  indirect  calorimetry,  46 
factors  affecting  composition, 

236 

fat  estimation  in,  236 
fats  in,  65 

methods  for  determining 
nutritive  value,  234 
proteins  in,  107 
frozen,  243 

General  adaptation  syndrome,  106 

Gingivitis,  204 

Glucose  in  metabolism,  56 

Glycerol  in  fats,  64 

Glycogen,  storage  of,  57 

Goiter,  simple,  131 

Goitrogenic  substance  in  foods,  laa 


Growth,  requirements  for  energy, 
35 

Health  education,  326 
Hexuronic  acid,  201 
High-protein  diets,  282 
Hospitals,  nutrition  education  in, 
328 

Housewives,  influence  on 

nutrition  status,  329 
Hunger,  causes,  1 
blood  sugar,  2 
body  temperature,  2 
contraction  of  stomach,  1 
glucostatic  theory,  3 
hypothalamus,  2 
Hypervitaminosis  A,  156 
D,  164 

Ignorance,  as  cause  of 

malnutrition,  317 
Indifference,  as  cause  of 

malnutrition,  317 
Infancy,  feeding,  266 
artificial,  267 
breast  feeding,  266 
calcium  requirements,  119 
cereals  in,  269 
foods  other  than  milk,  269 
scurvy  in,  209 
vitamin  D  in,  167 
vitamin  supplements,  269 
Inorganic  elements,  112 
Inositol,  lipotropic  action,  71 
Instinct  and  food  choice,  4 
Interrelations  of  nutrients,  210 
Intrinsic  factor,  199 
Iodine,  functions,  131 
iodized  salt,  134 
requirements,  133 
in  soil,  134 
sources,  133 
Iron,  absorption,  127 
available,  127 
in  foods,  1 30 
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Iron  ( Continued ) 
functions,  126 
requirements,  129 
utilization,  128 
Irradiated  foods.  See  Foods, 
irradiated 

Ketosis,  explanation  of,  60 
production  of,  70 
Kreb’s  cycle,  in  carbohydrate 
metabolism,  57 

Kwashiorkor,  ignorance  as  cause, 
318 

lipotropic  factors  and,  72 
protein  intake  and,  109 

Lactation,  calcium  requirements 
in,  119 

energy  requirements  in,  37 
food  recommendations,  264 
League  of  Nations 

recommendations,  218 
Linoleic  acid,  72 
Linolenic  acid,  72 
Lipoproteins,  75,  81 
Lipotropic  factors,  70,  71 
Liquid  diets,  276 
Low-calorie  diets,  275 
Low-fat  diets,  284 
Low-sodium  diets,  285 

Maintenance  energy  requirement, 
32 

Malnutrition,  313 
economic  aspects,  314 
ignorance  as  cause,  317 
indifference  as  cause,  317 
prevention,  318 
education,  324 
provision  of  food,  319 
Manganese,  140 
Maternal  requirements  in 
pregnancy,  260 
Meals  in  schools,  322 


Meats,  alternates,  107 
proteins  in,  107 
Menadione,  170 
Metabolites  in  blood,  307 
Methods  of  nutrition  investigation, 
9 

animal  studies,  16 
pair-feeding,  19 
balance  studies,  15 
food  intake  studies,  14 
history  of,  9 

microbiologic  studies,  21 
planned  production  of 

deficiencies  in  humans, 

12 

studies  of  human  diseases,  10 
Methylnaphthoquinone,  170 
Methylnicotinamide,  in  urine,  308 
Microbiologic  studies,  21 
Milk,  calcium  in,  121 
consumption  and  family  income, 
315 

Mineral  elements,  112 

Monosaccharides,  52 

Mottled  teeth.  See  Teeth,  mottled 

Niacin.  See  Nicotinic  acid 
Nicotinamide.  See  Nicotinic  acid 
Nicotinic  acid,  chemistry,  186 
functions,  186 
pharmacologic  effect,  191 
recognition  as  vitamin,  149 
requirements,  188 
sources,  190 
Night-blindness,  154 
Nitrogen  balance,  85 
Nurses,  public  health,  328 
Nutrient  elements,  definition,  112 
functions,  1 13 
Nutrition,  adaptation,  309 
conditions,  evaluation  of,  290 
education,  324 
of  adults,  328 
home  economics,  327 
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Nutrition,  education  ( Continued ) 
in  hospitals,  328 
motivation,  327 
by  physicians,  328 
by  public  health  nurses,  328 
in  schools,  326 
status,  290 

adaptation  in  relation  to,  309 
biochemical  procedures,  306 
combination  of  criteria,  309 
determination,  303 
effect  of  school  meals,  323 
factors  influencing,  290 
housewives  and,  329 
physical  examinations,  304 
physical  signs,  305 
saturation  tests,  308 
unspecific  signs,  306 
surveys,  interpretation,  309 
value  of  foods,  234 
canning,  241 
chemical  additives,  244 
climatic  conditions,  237 
dehydration,  240 
effects  of  cooking,  238 
enrichment,  244 
freezing,  243 
plant  variety,  237 
after  storage,  238 
sunlight,  237 

tables  of  food  composition, 
245 

variations  in,  245 
Nutriture,  290 

Obesity,  causes,  274 
diets  for,  270 
prevention,  274 
Osteomalacia,  164 
Overweight,  causes,  43 
in  pregnancy,  261 
prevalence,  313 
prevention,  318 
Oxalic  acid,  1 14 


Pair-feeding  in  animal  studies,  19 
Pantothenic  acid,  194 
Parboiled  rice,  178 
Pellagra,  causes,  11,  187 
history,  147 

Pernicious  anemia,  199 
Phospholipids,  definition,  64 
Phosphorus,  absorption,  124 
in  foods,  125 
functions,  123 
requirements,  125 
utilization,  124 
Physicians  and  nutrition 
education,  328 
Phytic  acid,  1 14 
Polyneuritis,  173 
Polysaccharides,  52,  53 
Potassium,  in  foods,  142 
functions,  141 
requirements,  141 
Pregnancy 

food  recommendations,  264 
nutrition  in,  259 
overweight  in,  261 
requirements,  calcium,  118 
energy,  37 
fetal",  259 
iron,  129 
maternal,  260 
toxemias,  261,  264 
vitamin  D  in,  165 
Prevention  of  malnutrition.  See 

Malnutrition,  prevention 
Protein(s),  absorption  of,  83 
anabolism,  86 

carbohydrate-sparing  effect,  59 

catabolism,  86 

chemistry  of,  81 

classification,  81 

complete,  91 

conjugated,  81 

deficiency  of,  108 

definition,  81 

derived,  81 

digestibility  of,  94 
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Protein(s)  ( Continued ) 
digestion  of,  82 
endogenous  metabolism,  86 
energy  value  of,  47 
exogenous  metabolism,  86 
food  sources,  1 06 
hydrolysates,  106 
incomplete,  91 
metabolism,  84 
cortisone,  87 
factors  altering,  87 
growth  hormone,  87 
in  shock,  87 
nutritive  value  of,  89 
requirements  for,  94 
in  adolescents,  104 
body  weight  and,  97 
Canadian  Dietary  Standard, 
97 

in  children,  104 
factors  altering,  96 
in  growth,  103 
minimal,  95 
optimal,  98 

physical  activity  and,  105 
in  pregnancy,  100 
and  stress,  105 
serum,  307 
simple,  81 

supplementary  effects  of,  92 
tissue  protein  replacement,  86 
Proteolytic  enzymes,  82 
Prothrombin,  170 
Provitamin,  A,  153 
D,  161 

Pteroylglutamic  acid,  198 
Ptyalin,  in  carbohydrate  digestion, 
55 

Public  Health,  nutrition  and,  329 
Public  Health  Nurses  and 

nutrition  education,  328 
Pyridone,  in  urine,  308 
Pyridoxal.  See  Vitamin  B^ 
Pyridoxamine.  See  Vitamin  B0 
Pyridoxic  acid,  in  urine,  308 


Pyridoxine.  See  Vitamin  Be 
Pyrimidine,  in  urine,  308 
Pyruvic  acid,  in  blood,  307 

in  carbohydrate  metabolism,  57 
in  thiamine  deficiency,  174 

Race,  as  influencing  food  habits,  6 
Recommended  Allowances,  U.S. 
Food  and  Nutrition 
Board,  218 

energy  recommendations,  40,  41 
Reducing  diets,  270 
Reference  man  for  energy 
requirements,  39 
Reference  woman  for  energy 
requirements,  39 
Religious  ordinances  and  food 
habits,  6 

Respiratory  cjuotient,  29 
Riboflavin,  chemistry,  181 
functions,  181 
isolation,  149 
requirements,  183 
sources,  185 
Rice,  enriched,  178 
nutritive  value,  178 
parboiled,  178 

Rickets,  and  bone  growth,  163 
causes,  162 
history,  147 
Rhodopsin,  155 

Saturation,  tests,  308 
School  (s)  lunches,  322 
meals,  322 
effects  of,  322 
and  family  food  use,  324 
and  nutrition  status,  323 
nutrition  education  in,  327 
Scurvy,  description,  202 
history,  10 
in  guinea  pigs,  147 
Serum  protein.  See  Protein  (s) 
serum 
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Simple  proteins.  See  Protein  (s) 
simple 

Sodium,  in  foods,  142 
functions,  141 
requirements,  141 
Soft  diets,  276 

Soil  composition,  and  nutritive 
value  of  foods,  236 
Special  diets,  258 

bland,  nonirritating,  277 
diabetic,  279 
fads,  287 

general  principles,  258 
high-protein,  282 
in  infancy,  266 
in  lactation,  264 
liquid  and  soft,  276 
low-calorie,  275 
low-fat,  284 
low-sodium,  285 
precautions  in  use  of,  287 
in  pregnancy,  259 
Sippy,  277 

weight  reduction,  270 
Supplements,  provision  of,  320 

Tables,  of  food  composition,  245 
Teeth,  mottled,  135 
Thiaminase,  181 
Thiamine,  and  appetite,  173 
in  cereals,  177 
chemistry,  172 
as  cocarboxylase,  173 
functions,  172 
nomenclature,  172 
and  pyruvic  acid,  173 
requirements,  175 

studies  on  humans,  12 
sources,  177 

sparing  action  of  fats,  78,  175 
Thyroxine,  132 
Tocopherol,  168 
Toxemias  of  pregnancy,  261 
Transamination,  89 
Tryptophan  and  pellagra,  187 


Urea  formation,  88 
Urine,  excretion  tests,  308 
metabolites  in,  308 
methylnicotinamide  in,  308 
pyridone  in,  308 
pyridoxic  acid  in,  308 
pyrimidines  in,  308 
vitamins  in,  308 

Vascularization,  of  cornea,  182,  305 
Vegetarianism,  92 
Viosterol,  161 
Visual  purple,  155 
Vitamin(s),  A,  in  blood,  307 
chemistry,  152 
functions,  154 
requirements,  156 
sources,  158 
toxicity,  156 
Ai,  153 
A2,  153 
Bc,  198 

Be,  chemistry,  191 

and  essential  fatty  acids,  193 
functions,  192 
recognition,  149 
sources,  194 
B12,  199 

D,  chemistry,  161 
functions,  162 
requirements,  165 
sources,  166 
toxicity,  164 

D2,  162 
D3,  161 

E,  as  antioxidant,  168 
chemistry,  167 
discovery,  147 
functions,  168 
sources,  169 

F,  149 
growth,  152 
history,  145 

K,  absorption,  171 
chemistry,  169 
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Vitamin(s),  K  ( Continued ) 
functions,  170 
sources,  171 
M,  198 

nomenclature,  150 
origin  of  name,  146 
relation  to  inanition,  151 
unspecific  effects,  150 


Vitamin(s)  ( Continued ) 

supplements  in  infancy,  269 

Weights,  desirable,  273 

Xerophthalmia,  154 
Xerosis  conjunctivae,  305 

Zinc,  140 
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